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No. 19 continued

" ard a scaled up version could be considered as a bulk reduction process fnr restoration

- of sites contaminated witi: chlorinated organic campounds including other DOD Herbicide
Orange contaminated sites, Sensitivity analyses of six variables (geographic) location,
soil quantity, electrical power prices, labor, capital equipment use charge, and .
transportation) were performed to estimate the cost for conditions other than those
found at NCBC. The cost to treat one ton of contaminated soil using a scaled up system,
based on treatment of 20,000 tons at NCBC, is $402/tcn. The process may have application
for treatment of other chlorinated organic campounds. The process may have unique
application in geographical areas where incineration would not be accepted.

One negative aspect is that the photolysed solvent remains a hazardous waste and must be
handled appropriately. Additional R&D is required to establish an alternate photolivsis

.tu@toovercanetheproblm. C

This report is organized into four volumes: Volume I presents the final report on the
mmance of the Thermal Desorption/Ultraviolet Photolysis process for use in

inating soil containing Herbicide Orange/Dioxin. “Volume II contains appendices
Volune III contains appendix P;V&ne IV contains appendices Q through V.

.

i1




NTIS GRAXI g

DTIC TAB

Unannounced 0
Justification |
By

Distribution/
Availability Codes

Avail and/or |
Dist Special
pn

- PREFACE &'I z %

This report was prepared for the Air Force Engineering and Services
Center, Engineering and Services Laboratory, Tyndall AF8, Florida, under Job
Order Number (JON) 2103 9027. The principal contractor, €G&G Idaho, Inc., is
the prime contractor for the Department of Energy, ldaho National Engineering
Laboratory. The major subcontractor for the project is the International
Technologies Corporation, Knoxville, Tennessee.

This report is organized into four volumes: Volume I presents the final
report on the performance of the Thermal Oesorption/Ultraviolet Photolysis
process for use in decontaminating soil containing Herbicide Orange/dioxin.
Volume 11 contains appendices A through 0. Volume 111 contains appendix P
Volume 1V contains appendices Q through V.

Other contributors to this report include: E. Alperin, W.A. Prop,
A.E. Grey, O.L. Milier, H.J). Welland, 0.J. Harvego, H.D. ﬂilliams and
6. Peterson.

This report has been reviewed by the Public Affairs Office (PAD) and {s
releasable to the National Technical Information Services (NTIS). At NTIS, it
will be avatlable to the general public. including foreign nationals.

This report has been reviewed and approved for publication.

Towy L AGSdeA  Amaifpllh

TERRY L. STODOART, Maj, USAF, B85C THOMAS J. WALKER, Lt Col, USAF, BSC
Chief, Environmental Restoration R&D Chief, Environics Division

LAWRENCE 0. OKANSON Colone\ USAF

Chief, Environmental cng neering Branch Director, Engineering and Services
Laboratory

iig
(The reverse of this page is blank.)




TABLE OF CONTENTS
Section Title Page

Con\\f.ld
:\\\\TQﬁNVESTIGATION OF THE APPLICABILITY OF THE EPA MOBILE
INCINERATOR SYSTEM FOR TREATING SOILS CONTAMINATED WITH
HERBICIDE ORANGE «. . ..iiii ittt ittt s eeneniieateinannnnonees 1

3> Copdep b= R PR 1) A%
onYer i, o ‘e 0\?\\»; k‘x \\\quh'"%

v

(The reverse of this page is blank.)




APPENDIX P

INVESTIGATION OF THE APPLICABILITY
* OF THE
EPA MOBILE INCINERATOR SYSTEM
FOR TREATING SOILS
CONTAMINATED WITH HERBICIDE ORANGE

The documents contained in this appendix were published according to their
own internal style, which deviates from ESL format. They have, theref-re,
been published without editing.
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SECTION I
INTRODUCTION

A. OQBJECTIVE

This study was done to determine the applicability of the EPA's mobile
incineration system (MIS) for treating soil contaminated with Herbicide
Orcnge 2t three Department of Defense sites - Eglin Air Force Base, the
Naval Construction Battalion Center (NCBC), Gulfport, Mississippi , and Johnston
Island. Beyond demonstrating the technical feasibility of thermal decon-
tamination, the study was to evaluate the treatment characteristics of the
sotls to identify potential processing problems and to estimate operating
rates and corresponding operating conditions which would achieve treatment
("cleun=up") criteria. The results of this study would provide some tech-
nical basis for supporting and planning a possibie demonstration by the Air
Force of the MIS at Johnston Island.

8. BACKGROUND

The U.S. Air Force s engaged in a multitask program to investigate
three Departrert of Defense sites known to be contaminated with residual
Herbicide Orange (Reference 1), t.d to identify, evaluate, and demonstrate
selected technnlogias t™at could be used to decontaminate and restore these
sites. Herbicide Orange is an equal r xture of the butyl esters of
2,4-dichlorophenoxyacetic acid (2,4-DBE) and Z,4,5-trichlorophenoxyacetic
acid (2,4,5-TBE), containing Tow or trace concentrations of various related
chemical compounds originating from rax materiels or byproduct reactions
(Referance 2). One of these compounds ha. been determined to be 2,3,7,8-
tetrachlorodibenzo-p~dioxin (2,3,7,8<1C0D), a highly toxic and stable com-
pound which is the subject of much scientific and regulatory attention
today. Previous field investigations at 1)} three sites have ascertained
the approximate location and concantration of the herbicide constituents and
have enabled preliminary estimates to be made of t..e quantities of soil that
could require decontamination. Additional, more extansive site surveys are
currently being completed.

Hew federa) Feguiations enacted under RCRA, w-ich will he effective
after July 15, 1985, stipulate stringent requirements for treating ur
disposing of dioxin waste materials, including contaminated so.l.
Incineration has been demonstrated te be effective in destroying Herbicide
Orange (References 3 and 4). Each incineration ,ystem and dioxin waste
matrix mst be tested to establish adequate treatment efficiency before
being permitted to operate on -a “"production basis.” Decontaminatfon of soil
containing dioxin by using incineration had not been demonstrated.

A mobile incineration system (MIS) has been zonstructed by EPA for u.e
in treating hazardous waste materials at various sites, and in eveiuating

1L
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the technology for specific wastes. This process unit has recently com-
pleted a trial burn involving dioxin contaminated waste liquids, sludges,
and soil in Missouri. A longer demonstration run is planned by EPA which
will involve processing quantities of various dioxin contaminated soils from
Missouri sites.

In support of EPA's mobiiization of the MIS for that trial burn and
demonstration, IT Corporation conducted a study to investigate the capabil-
ity of the MIS to treat soil contaminated with 2,3,7,8-TCDC. The study
consisted of two parts:

e A series of laboratory thermal desorption experiments to determine
the effect of key process variables and soil (feed) characteristics
on removal of 2,3,7,8-TCDD

e A series of pilot-scale batch kiln tests and computer simulations
to define the material processing and heat transfer characteristics
of the kiln

This research was completed in late 1984. A final report describing the
results has been submitted to EPA for review.

C. SCOPE

This study, as an extension of the previqug§§2A,s:udy. consisted of four
activities - soil characterization, labomatory treatability tests, pilot-
scale kiln processing tests, and engineering assessment of projected MIS
performance. Soil characterization measured chemical properties, including
Herbicide Orange concentration, and physical properties which could affect

processing. Bench-scale treatability tests determined the relationship bet-

ween residence time, temperature, and treatment efficiency. Samples of con-
taminated soi) were exposed to different conditions, and the final
concentration of 2,3,7,8-TCDD was analyzed, The pilot kiln tests utilized
uncontaminated sofl to simulate the approximate MIS conditions of gas flow,
temperature, and agitation to investigate particulate entrainment, heat
transfer and changes in physical form (aggliomeration/slagging or attrition).
Engineering assessment included performing heat and material balance calcu-
lations and heat transfer calculations using computer simulations and deter-
mining the various limitations of the MIS which would establish processing
rate capabilities.
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SECTION II
SOIL CHARACTERIZATION

The chemical and physical properties of soils subjected to incineration
temperatures are expected to influence the treatability and processing per-
formance. Volatilization of organic pollutants from soil at ambient con-
ditions has been shown to be affected by the exposed surface area
(corresponding to particle size) and composition of the soil (References 5,
6 and 7). Interaction (adsorption/ absorption) between organic compounds
and a soil matrix can reduce the apparent vapor pressure. Thermochemical
transitions of natural organic matter and minerals contained in soils can
occur at temperatures as low as 400°C {(References 8 through 12). Both oxi-
dation and pyrolysis of organic materials can occur, depending particularly
on the availability of oxygen. The thermal stability of specific organic
compounds which might be present in contaminated soils varies greatly within
the operating range of the MIS (References 13 and 14). Physical alteration
of the soil, such as attrition from thermal stresses and agitation/abrasion,
and stagging or agglomeration caused by mineralogical transformations, will
affect solids flow characteristics, heat transfer, and particulate genera-
tion (entrainment).

Previous studies of thermal treatment of contaminated soils included
analysis of the untreated soil for primary chemical and physical parameters.
These same analyses were performed for this study on samples from each of
the three sites. The soil sanples were collected from designated locations
and shipped to ITC's Environmental Research Laboratory in Knoxville,
Tennessee. Samples of both uncontaminated and contaminated soils were
packaged in sealed metal paint cans. Each sample weighed approximately
4 kilograms. Both the contaminated and uncontaminated samples used for
laboratory treatability tests were prepared for analysis and testing
according to procedures described below. Samples of uncontaminated soil
were sh1pgud to Allis-Chalmers' test facility and were used for batch kiln
tests without any preparation.

The fnitial contaminated NCBC soil sample had a very low conrcentration
of 2,3,7,8-TCDD. Three additional samples were taken at the site, shipped
to ITC, prepared, and analyzed. Based on the results, one of the three was
selected as the test sample. It was intended that all thres contaminated
test soils would have greater than 400 ppb 2,3,7,8-TCOD.

A. SOIL PREPARATION PROCEDURES

The sasmples of soil received from the Air Force were pretreated for use
before analysis and thermal treatment tests. This was necessary to achiave
a uniform test soil of known 2,3,7,8-TCDD concentration, from which repre-
sentative aliquots could be taken for each test. Previous ITC research
activities with soil containing trace levels of contamination had estab-
11sh¢d the importance of such soll preparation, particularly for small-scale

ests.

13




1. A portion of soil was transferred within the hood from the con-
tainer to a metal foil tray, separating larger organic matter
(e.g., roots, grass) and breaking up large soil agglomerates.

2. The soil was spread out uniformly on a metal tray and allowed to
air dry within the hood for 2-3 days with occasional stirring and
gentle breaking of larger s0il agglomerates using a spatula.

3. The dried soil was screened in several batches, using a standard
wire mesh screen with 2 mm openings. Oversize soil was returned to
the drying tray and manually broken up using a spatula. Final
oversize soil was weighed and transferred to the original soil con-
tainer. Grinding or milling of the soil was not done.

4. The soil fractions less than 2 mm from each batch were combined in
a widemouth, l-galion glass jar, blended for 1 hour, using a jar
roller, and weighed.

5. Three separate aliquots of soil from random locations within the
1-gallon jar were transferred to individual 250 cc, amber, wide-
mouth jars with Teflon®-1ined caps. These sample jars were coded,
labeled, and submitted for analysis of 2,3,7,8-TCOD to verify uni-
formity.

B. ANALYSIS OF PHYSICAL-CHEMICAL PROPERTIES

Battelle-Columbus Laboratories was contracted by ITC to perform selected
analyses, including pH, conductivity, organic matter, cation exchange capac-
ity (CEC), moisture content, specific surface area, oil and grease, and
particle size. Table 1 lists the parameters and corresponding methods used
by Battelle. These procedures are described in Annex 1. Samples of
uncontaminated soil from each site were initially analyzed by Battelle;
samples of contaminated soil from each site were analyzed later for selected
parameters to investigate the potential effect of the contamination on the
measurements.

Table 2, a8 reproduced from Battelle's final test report Annex 2,
summarizes the characterization data for the uncontaminated samples, and
Table 3 summarizes the data from the contaminated samples. A comparison
between the data from each site and between uncontaminated and contaminated
samples can be summarized by the following major points:

e The pH of the Eglin soil is acidic whereas the JI and NCBC soils
are slightly alkaline.

e The conductivity of the JI soil is more than one order of magnitude
higher than the other two soils.

v The organic matter measured for all the contaminated soil samples
was much higher than for the uncontaminated samples. This dif-
ference was most noticeable for the J1 soil samples; the difference
in NCBC samples was relatively smail.
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TABLE 1. SOIL CHARACTERIZATION METHQDS

“Paramecer Method referencesd ‘Method
Organic matter Schultz, 1980 Potassium dichromate oxidation
Watson, 1978 using cologimetric determina-
tion of Cro%
pH McLean, 1980 Measurement of l:1 (weight:
volume mixture of soil water)
Electrical Watson, 1978 Measurement of 1:2 (soil:water)
conductivity slurry using conductivity
meter
Surface area Carter, et al., 1965 Adsorption of monolayer of
Heilman, et al., 1965 ethylene glycol monoethy!
Cihacek and Bremner, 1979 ether
Particle size ASTM, 1972 Combined sieving (particles
ASTM, 1978 »75 um and sedimentation

particles less than 75 um)
measured by hydrometer

Cation exchanae Allen, et al., 1974 Saturation of exchange sites
capacity (CtC) with NHa+ followed by washing
of excess NHq+ reagent and
displacement of adsorbed NHg+
with KC1; NHa+ measured by
ion specific electrode

011 and grease  ASTM D4281-83 Extraction with methyl tert-
butyl ether after soil is
conditioned with aqueous
sodium chloride and potassium
hydrogen phosphate; gravie
metric determination of
filtered and evaporated
extract

Notsture ASTM Part 11-82216 Oven drying at 110°C to
constant weight

°Couplete references given in Battelle-Columbus procedures, Annex 1,
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TABLE 2. PHYSICAL-CHEMICAL ANALYSIS OF UNCONTAMINATED SOIL

Physical-chemical parametersd J1 EgTin “NCBC
pH | 8.24 5.21 8.29
Conductivity (millimhos/cm) 4,99 0.0418 0.279
Organic matter (percent) <0.50 <0.50 1.5
Cation exchange capacity 0.12 0.15 3.9
(mi1liequivalents/100)
Moisture content (percent) 1.86 0.12 0.48
Surface area (m?/g) 6.74 2.46 12.3
011 and grease content 664.9 116.0 1759
(micrograms/g}
Particle size distribution
(percent)
Medium sand (between 41.3 41,3 25.7
425 microns and 2.00 mm)
Fine sand (between 75 and 36.2 51.9 59.4
425 microns)
S11t (between 5 and 75 19.2 4.77 12,3
microns)
Clay. (smailer than 5 g1crons. 3.31 2.03 2.70

including colloids)
Colloids (less than 1 micron) 2.94 1.67 2.25

3A11 analyses were done in duplicate with the exception of surface
area, which was done in replicates of five. Values reported repre-

sent averages. Annex 2 gives deviation values,

DNote that the clay fraction includes the colloid fraction, so that
the percentages total greater than 100 percent.
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TABLE 3. PHYSICAL-CHEMICAL ANALYSIS OF CONTAMINATED SOIL

~Physical-chemical parametersd ) Eglin NCBC
pH 8.45 3.83 8.55
conductivity (millimhos/cm) 5.02 0.146 0.205
Organic matter (percent) 4,22 1,22 2.34
Cation exchange capacity ' 0.73 0.77 2.45
(milliequivalents/100 g)
Moisture content (percent) 0.34 0.55 0.38
011 and grease content (micrograms/g) 1884 4069 3386

aéllwggglysga_wgre'ggpe in duplicate. Values given are averages. Annex 3’
gives deviation values.
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° T@e 011 and grease content of the contaminated soil samples was
higher than the uncontaminated samples. This difference was most
noticeable (factor of 40) for Eglin soil.

e The cation exchange capacity of all contaminated soils was higher
than the corresponding uncontaminated samples. NCBC soil had much
higher values than the other two soils.

e The surface area did not vary greatly between soils. Likewise, the
particie size distributions of the three soils were not greatly
F different. The clay fraction varied only between 3.5 and 7 per-
' Cent *

Visual inspection of each sample received resulted in the following
observations:

JI - White/gray; sandstone-l1ike, uniform; contaminated sample
slightly darker, probably higher mpisture; large stones and
chunks (agglomerates) present in both.

Eglin - Tan; sandy with some agglomerates which easily broke up, twigs
and grass noticeable; uncontaminated sample appeared drier and
dustier.

NCBC - Light to dark brown; sandy loam with pebbles and broken
shells; some grass and twigs evident; variation in relative
amounts of moisture and shell/pebble fraction between the five
samples received.

Thermogravimetric analysis (TGA) and differential scanning calorimetry
(DSC) analysis of the three samples of uncontaminated soil were performed by
Allis-Chalmers as part of the pilot batch kiln tests. Table 4 summarizes
the results of these analyses; the actual test data are given in Annex 2.

It is obvious that the JI soil, which is principally calcium carbonate,
exhibits substantial weight loss as a result of calcination (decarboxyla-
tion). The theoretical weight loss attributed to conversion of CaCO3 to Cal
(with the release of C0y) is 44 percent. Calcination occurs at temperatures
above about 625°C, with a corresponding large endotherm. The Eglin soil
showed a moderate and extended exotherm between about 270 and 550°C, where a
sharp endotherm occurred; only a small weight loss occurred. The NCBC soil
showed a major and extended endotherm between about 225 and 550°C, where &
sharp endotherm occurred. A marked weight loss occurred above that tem-
perature, starting at 630°C.

Allis-Chaimers also performed sieve analyses and bulk density measure=

ments on soil before and after pilot batch kiln processing. These results
are discussed in Section IV and the data are presented in Annex 4.

C. ANALYSIS OF HERBICIDE CONTAMINATION

The prepared uncontaminated and contaminated soils were sampled and ana-
1yzed by ITC for the primary chemical constituents of Herbicide Orange and
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TABLE 4. SUMMARY OF THERMAL ANALYSIS RESULTSA

Tniﬂ:tion
]
Corresponding exotherm
Soi1 Weight temperature or
identification loss (%) range (°C) endotherm (°C)¢
JI 1.4 25 - 350 130 2-)
42.5 350 - 1050 310 {-)
Eglin 2.4 25 - 1050 270 (+g
. 550 (-
NCBC 0.3 25 - 200 225 §+§
1.4 200 - 520 550 (-
3.8 520 - 1090
5.5

R —

8pefer to Annex 4 for DSC and TGA data.

bpercent of initial gross weight.
CExotherm = (+), Endotherm = (-)
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for COD and CDF compounds, including 2,3,7,8-TCDD. Arsenic was also ana-
lyzed to establish if any Herbicide Blue contamination was present.
Herbicide Blue is composed principally of sodium dimethyl arsenate. The
“uncontaminated" samples were analyzed to establish a baseline concentration
of all constituents. Standard published EPA methods listed in Table 5 were
used for quantitative determination of each parameter, except for the sample
preparation and analysis of 2,3,7,8-TCOD and other CDDs and CDFs, which are
described in Annex 5.

Two pretreatment/extraction procedures were used for the untreated soil
sumples to evaluate potential differences in the accuracy of analytical
results. Previous studies with thermally treated Missourt soil samples
demonstrated significantly lower 2,3,7,8-TCDD results using the standard jar
extraction procedure with hexane/methanol (specified by EPA - CLP) than the
more rigorous procedure involving Soxhlet extraction with benzene after acid
treatment of the sample. Therefore, the Soxhlet procedure was used for all
thermally treated samples. Both procedures were used for untreated soil
samples for comparative purposes, and a comparison of results is given in
Annex 6.

The method used for determining 2,4-DBE and 2,4,5-TBE actually measures
the free acids, 2,4-D and 2,4,5-T, after chemically converting any esters
present to the respective acid. Therefore, the reported values represent
the combined ester and acid concentration present in the sotl,

Three aliquots of soil were taken from each prepared soll sanple and
submitted for 2,3,7,8-TCOD analysis. Other parameters were deterwined on
single aliquots. The results of the triplicate analyses, using both sample
preparation procedures, are given in Annex 6. Tables 6 and 7 summarize
the analytical resuits for the baseline {“uncontaminated®) and contaminated
soil samples. Annex 7 gives the specific analytical data. The baseline
soils showed the presence of very low (<1 ppm) levels of herdictide constite
yents. No 2,3,7,8-TCDD was detected at analytical detection limits of 0.2
to 0.8 ppb, although total tatra isomers were detected {n the Eglin and HCBC
samples. Hepta COD was detected in both JI and NCBC samples at less than )
ppb and octa CDD was found at 1 to 2 ppb in all three baseline soil samples.
The only CDF detected was for the total octa isomers in the NCBC sample.
Arsenic was not detected in any sawple at the normal detectfon limit of 1
ppm for the analytical method used.

The contaminated test soils contatned approximately 0.1 to 0.2 weight
percent Herbicide Orange based on the combined values for 2,40 (including
2,4-0BE) and 2,4,5-T (including 2,4,5-TBE). Three phenols were detected,
with 2,4,5-trichloropheno! the most significant at concentrations of about
50 ppm. The concentrations of 2,3,7,8-TCOD ware gpproximately 100 ppb for
JI and Eglin and 500 ppd for NCBC. These values were considered appropriate
for conducting treatabdiiity tests since they repreasented the higher range of
values determined in site surveys. HRo other CODs were detected except hepta
and octa isomers in the JI soil and octa isomers tn Eglin. TCOF was
detected above 1 ppb 1n all samples, and OCDF was detected in JI soil.
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TABLE 5. ANALYTICAL METHODS USED FOR DETERMINATION OF HERBICIDES

Analytical
Parameter Sample preparation method
- 2,4-DBE/2,4-D 81502 81502
' z,4.§2ga£/a.4,5-r
Chlorophenols 35402 . 80408
r 2,3,7,8-TC0D EPA-CLPD EPA-CLPD
! Ac?ggsoxhletc
) Arsenic 30202 70602

aTest Methods for Evaluating Solid Wastes, SW-846, 2nd Edition, U.S.
EPA, July 1982,

PDescribed ‘in EPA-ENSL IFB Solication WA-84-A002. Detailed procedure
given in Annex 5.

CDetailed procedure given in Annex 5.
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TABLE 6. - ANALYSIS OF BASELINE SOIL SAMPLES
FOR COMPOUNDS OF INTERESTa

ER TS - LA U

Toncentration® (ppb)

Compound Jl eglin NCBU
2,4-D 160 160 470
2,4,5-T 210 240 150
2,4-dichloropheno? ND(1000) ND(1000) ND(1000)
2,4,6«-trichlorophenol ND(1000) ND(1000) ND(1000)
2,4,5-trichlorophenol ND(1000) ND(1000) NU(1000)
Arsenic | ND(1C,000) ND(10,000) ND(10,000)
2,3,7,8-TCDD Nu{0.5) ND(0.8) ND(0.2)
TCOD ND(0.52) 0.31 0.13.
TCDF ND(0.17) ND(0.52) ND{0.11)
PCDD ND(0.41) ND(0.81) ND{0.42)
PCOF ND(0.33) ND(0.96) ND(0.76)
H,COD ND(0.84) ND(0.37) ND(0,66)
HyCDF ND(0.21) ND(0.27) ND(0.18)
HpCDD 0.63 ND(0.17) 0.73
HpCOF ND(1.0) ND(1.0) ND(1.0)
0CDD 1.73 2.6 2.0
OCDF ND(0.11) ND(0.06) 0.26 -

85011s were analyzed after prepdration according to protocol described in
Section IIl (e.g., <2 mm, air dried).

DND = not detected using the analytical procedure identified in Table 5.

Detection levels given in parentheses.
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TABLE 7. ANALYSIS OF CONTAMINATED SOIL SAMPLES
FOR COMPOUNDS OF INTERESTA

Concentrationd (ppb)

Compound J1 - Eglin NCBC
2,4 900, 000 1,206,000 376,000
2,4,5-T 890, 000 1,700,000 710,000
2,4=dichlorophenc! 1,900 2,400 1,100
2,4,6-trichlorophenol 1,100 ND ND
2,4,5-trichlorophenol 38,000 20,000 53,000
Arsenic ND(10,000) ND(10,000) ND(10.000)
2,3,7,8=TCOD 106¢ 101¢ 494C
TCOD 126 127 604
TCOF 6.6 2.1 2.3
PCOD ND(1.09) ND(1.5) ND(0.48)
PCOF . ND(1.7) ND(1.6) ND(1.9)
H,COD ND(3.7) ND(1.2) ND(0.59)
H,COF ND(0.67) ND(0.73) ND({3.6)
_ﬁpCDD 29.0 ND(0.72) ND(1.5)
HpCDF ND(3.5) ND(2.1) ND(1.7)
0CoD 32.0 2.6 ND(2.4)

ocoF 1.3 ND(0.33) HD(0.98)

35011s were analyzed after preparation according to pbotocol (e.g., <2 mm,

DND « not detected. Detection ievels given in parentheses.

CAverage of analyses of triplicate aliquots of prepared test sofl. Vaiues
for other compounds are for a single aliquot.
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Arsenic was not detected in any sample at the 1 ppm detection limit. No
additional arsenic analyses were performed for any test samples.

Table 8 compares the relative concentrations of 2,3,7,8-TCDD, the three
chlorophenols, and 2,4-DBE to the principal Herbicide Orange constituent,
2,4,5-TBE. These ratios can be evaluated relative to the original com-
position of Herbicide Orange reported in previcus studias by the Air Force
(Reference 2). The chlorophenols are present at approximately the same
relative concentrations as the original material, whereas the 2,3,7,8~TCDD
lévels are approximately three corders of magnitude higher than levels deter-
mined in the original material. This could be a result of differences in
volatilization rates and chemical decomposition occurring in the environment
during the past decade.
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| TABLE 8, EVALUATION OF RELATIVE CONCENTRATIONS OF HERBICIDE
CONSTITUENTS FOR CONTAMINATED TEST SOILS

Weight ratio ot compound tO 2,4,D=1BE

Compound J “Eglin NCEC
2,4-DBE3 1.04 0.723 0.534
2,4,5-TBER 1.00 1.00 1.00
2,4-dichlorophenol 1.75 X 103 1.16 X 1073 1.27 X 1073
2,4,6-trichlorophenol 1.01 x 10-° b b
. 2,4,5-trichlorophenol 3.5 X 1072 9.6 X 10-3 6.12 X 10-2
. 2,3,7,8-TCOD 9.76 X 10° 4.87 X 10-8 5,70 X 1074

42,4-DBE = butyl ester of 2,4-D; 2,4,5-TBE = butyl ester of 2,4,5-T.
b2.4.6-trichlorophenol was not detected for these samples.
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SECTION III
LABORATORY TREATABILITY TESTS

A series of bench scale tests was performed to establish the effect of
the key process variables, residence time and temperature, on the treatabil-
Aty (dioxin-removal efficiency) of the three test soils. After the soils
were prepared by drying and screening as described in Section II, separate
aliquots were placed in a small furnace for different time perfods. The
treated samples were analyzed for 2,3,7,8-TCDD and the results were eval-
uated to determine the relationship between treatment conditions and final
concentration of 2,3,7,8-TCOD. These results were also compared to previous
results in which Missouri soils were used. This section describes the
experimental activities and test results.

A. EXPERIMENTAL PLAN

Experimental activities for this E;oject were conducted at ITC's
Environmental Research Laboratory in Knoxville, Tennessee. A specially
designed “"high-hazard" section of the laboratory permitted the dioxin-
contaminated soils to be prepared, tested, and analyzed safely and effi-
ciently. This entire section of the laboratory is designed for the safe
handiing and analysis of chemicals and samples having toxic or unknown prop=
erties. This laboratory has four isolated, negative=pressure cubicles that
contain hoods and laboratory benches constructed of materials selected for
easy decontamination. Total containment {s assured, since all used water is
collected and all air leaving the facility is filtered through HEPA and
activated carbon filters on the high-velocity hoods. A1l dioxin-containing
::terh',is generated from test activities were packaged and stored for
sposal,

The results developed from this study were obtained using a simple and
consistent experimental method and apparatus destgned to expose the study
sofls to a specified temperature for a specified tima. Treatability was
measured by comparing the analyses of 2,3,7,8-TCOD in the untreated and
treated soil. The test equipment and procedures are describad in this sec-
tion. The features incorporated into the test system and procedures
included (1) sufficient sot! quantity to enable analytical sensitivity below
1 ppb and duplicate analysts as necessary, (2) a static but very thin layer
of soil to minimize the potential effects of temperature gradients and gas-
phase diffusion (in terms of both release of volatilized materials and expo-
sure to the purge gas), and (3) quickly achieving and maintaining
steady-state conditions. The experimental apparatus and procedures were the
same as those used on previous treatability testing of Missouri soils. A
QA/QC plan was prepared and followed during the testing.
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"B. THERMAL TREATMENT TEST EQUIPMENT

The principal test equipment was a Lindberg furnace, Model 51848, with
an electronic temperature controller and 1600-watt heater system. The oven
is double-shell construction with interior surfaces made of Moldatherm®, a
molded aluminum-silicate insulation material. This oven is capable of
operating up to 1100°C and has a relatively fast heat-up rate due to low
mass. The interior space is approximately 10 cm wide by 11 cm high by 21 cm
deep. A loose block (1.2 cm thick) of Moldatherm is placed on the bottom of
the oven to provide additional separation between an object placed in the
oven and the hot interior surface of the oven. A built-in thermocouple was
used to control the fnterior oven temperature to the set point. The oven
was placed inside a bench-top hood for all tests. Several modifications
were made to the oven. Incoloy® (3/8 inch) tubing was inserted through the
back wall and connected to an air cylinder to provide continuous purging of
the interior space during each test. The purge gas was directed against the
back wall to promote preheating and distribution. The purge gas flow rate,
measured with a standard rotometer, was maintained at aporoximately 100
cc/minute, equivalent to about 5 percent turnover per minute. A separate
thermocouple was used to measure the test temperature. This NBS traceable,
Type K, sheathed thermocouple was placed approximately 3 centimeters above
the soil surface at the center of the oven. The thermocouple, the tem-
perature indicator, and the purge gas rotometer were calibrated before
testing. A Keithley Model 871 Digital Temperature Indicator was used with
both thermocouples.

A specially made tray was used to contain the soil within the oven. The
tray, which weighed approximately 430 grams, was 9 cm wide by 3.2 cm high by
19.3 cm long and made of Incoloy to resist oxidation at the expected maximum
test temperatures. A separate Incoloy 1id was used to cover the tray when
necessary. The sof]l was leveled within the tray to a fixed uniform
thickness of approximately 2.5 mm. Figure 1 {5 a scale schematic drawing of
the interior of the ovan, with tray inserted.

C. STANDARD TEST PROCEDURE
The standard thermal desorption test consisted of the following steps:
1. Initiate a data log sheet (see Amnox 8).
2. Meigh the empty, clean tray.

3. Transfer a representative aliquot (~30 grams) of prepared soil from
the jar to the tray using a stainless steel Scoop.

4. Meigh the soil and tray and adjust the soil quantity to achieve
approximately 30 grams, which results in the approximate desired
soil depth.,

5. Oistribute and level the soil within the tray to ~2.5 mm. Return
axcess to the sampla jar.
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6. Turn the purge gas flow on to the proper setting on the rotometer.

7. Place the tray with sofl in the oven at ambient temperature and
close the oven door.

8. Set the oven temperature controlier set-point to the target test
temperature and start the timer.

9. Monitor and record the times and temperatures, periodically,
throughout the test period.

- 10. When the prescribed residence time at the target temperature is
reachgd, shut off the oven heater and purge gas fiow and open the
oven door.

il. Cautiously withdraw the hot tray and soil using special tongs,
place a cover on the tray, and place the covered tray in a separate
T hood for cooling for approximately 1 nour.

12. Close the oven door and set the temperature at 600°C for approxi-
mately 10 minutes. This step is to ensure that no residual
P materials from the sample remain in the oven.

' 13. Weigh the tray (without cover) plus treated sotl.

14, Transfer an aliquot (typically about 10 grams) of treated soil from
the tray to a tared, 250 cc, widemouth, amber bottle with Teflon-
1ined cap. Code, label, and submit this aliquot for 2,3,7,8-TCDD
analysis. Transfer the remainder of the treated soil to an iden-
tical type bottle, label and store as a retainer.

15, Clean the tray, cover, and nondisposable implements using the
following procedure:

e Rinse with acetone and wipe clean

¢ Scrub with detergent (Alconox®) solution and rinse with hot
tap water followed by distilled water

e Rinse with acetone and allow to dry

o Rinse three times with methylene chloride (e.g., ~15-25 ml
each rinse for the tray)

9 Alr dry and store.

D. TREATABILITY TEST RESULTS AND DISCUSSION

A total of 16 separate thermal desorption tests were performed using
three different test tesperatures, ranging from about 430°C to 560°C, for
times between 8 and 30 minutes. Two sets of duplicate tests were included
for GA/QC purposes. All tests were performed using soil prepared as
described previously, except for two tests which used oversize (>2 mm)
pieces of JI and KCBC soil to investigate any differences in treatability
dua to gross differences in particle size. The test results are presented
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according to: (1) treatability or removal efficiency for the herbicide
constituents and (2) effects of treatment on soil characteristics,

Experimental data are summarized in Annex 8. Annex 7 presents all the,
analytical data while Annex 6 gives QA/QC results.

;. Treatability Data

Analysis and interpretation of the test results must consider the typi-
cal temperature profile (temperature vs residence time) for the smail oven
system used in testing. The soil samples were placed in the oven at ambient
temperature, and the initial test period involved heating the oven and soil
to the target test temperature. This unsteady state heat-up period lasted
from about 5 to 9 minutes, with longer time corresponding to higher ultimate
temperature. Figure 2 illustrates typical temperature profiles for the
three target test temperatures. The target test time was initiated (at time
zero) when the test temperature reached approximately the target test tem-
perature.

Treatability or removal efficiency was determined by measuring the final
concentration of 2,3,7,8-TCDD and comparing it to the initial concentration
and the criteria or goal of 1 ppb. Test conditions (time and temperature
combinations) were based on previous treatability tests to demonstrate the
influence of these two parameters on treatment. Longer times were selected
for certain tests using the NCBC soil which had considerably higher initial
concentration than the other two test soil samples (i.e., ~500 ppb vs ~100
ppb). The residence times were considered representative of the normal
operational capabilities of the MIS,

Table 9 summarizes the treatability test results, arranged by test tem-
. perature, soil type, and treatment time. The test number is listed for
reference to data given in Appendix F. The results for each soil were
plotted in Figures 3, 4, and 5 to show the effects of time and temperature.
Data for all thrae scils at 481°C were plotted in Figure 6 to show the
effect of soil type., The shape of the treatability curves in these figures
was developed, in part, based on previous testing with Missouri soil which
yielded more data points (times) for each particular target test te
perature. :

The data show that treatment of all three soils to less than 1 ppb
2,3,7,8«TCOD {5 feastible {f temperatures of 500°C or more are achieved. The
results are very similar to those obtained in previous tests with Missouri
soils. Table 10 lists the calculated removal .efficiencies for 2,3,7,8-TCOD.
Nearly all tests above the minimum temperature resulted in at least
99 percent removal. The significant effect of temperature appears to be
more pronounced for JI soil, which showed very low removal efficiency at the
lowest temperature of 429°C. The coarse (»2 mm) particle size material had
Tower final 2,3,7,8-TCOD concentration than the prepared (<2 mm) soil used
for most tests, despite the fact that analysis of an aliquot of coarse
material from MCBC indicated a higher tnitial 2,3,7,8-TCDD concentration.
Since there {s considerable variation in the type of soil particles within
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TABLE 9. SUMMARY OF TREATABILITY RESULTS - EFFECT OF TIME AND
TEMPERATURE ON FINAL CONCENTRATION OF 2,3,7,8-TCOD

—fomnal Time at Final

 test test 2,3,7,8-TCOD
temperatured Soi1 temperatureb concentration Test
(°C) identification (min) (ppb) number
| - 430 JI 20 38,5 15
Eglin 20 4.4 16
NCBC 30 27.4c 14

25.7¢

481 J1 15 4.5 1
| J1 30 1.6 5
_ JI (>2 mm) 30 0.44 12
Eglin 15d 1.3 P
Eglin 15d 0.8 4d
) Eglin 30 0.45 3
i NCBC 15 10.1 9
| . NCBC 30 4,6 10
NCBC (>2 mm) 30 0.74 11
558 Ji 8 0.81¢ 6
JI c 0.31¢ ¢
Eglin 8 0.71 7
NCBC 15d 0.99 g
NCBC 15d 0.53 13d

8Refer to time-temperature data (Annex 8) for exact temperatures during entire
test. i T

This period begins at “zero time" when the target test temperature is
reached; zero time is actually 5 to 9 minutes after start of heat-up.

CAnalytical duplicate; separate aliquots of treated soil were analyzed.
dExperimenta] duplicates.
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TABLE 10. CALCULATED REMOVAL EFFICIENCIES FOR 2,3,7,8-TCDD

nitiai Final
2,3,7,8-TCOD  2,3,7,8-TCOD
Test  tration  tration  effictencyd
number (ppb) (ppb) (%)
15 106 38.5 65.51
16 101 4.4 95,72
14 494 26,60 94,75
1 106 4.5 96.00
5 106 1.6 98,58
12¢ 106 0.44 99.61
2d 101 1.3 98.74
4d 101 0.8 99,22
3 101 0.45 99,56
9 . 494 10.1 98,01
10 494 46 99.09
11d 148 0.74 99,51
6 106 0.560 99,29
7 101 0.71 99, 31
gd 494 0.99 99,81
13¢ 494 0.53 99,90

U

Removal Efficiency =
100 1- Final conc. X treated sample weight) |
{InTt1aY conc. X untreated sample weight)|®
bAverage of analytical duplicates.

CTest soll was >2 mm fraction,
dExpaNmental duplicates.,
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13

the NCBC test soil sample, it is possible that the actual aliquot of over-
size material used fn the test had a much lower initial concentration. On
‘the other hind, these results may be due to the distribution or location of
‘herbictide on/within the soil matrix. Coarse material, being comprised more
of impervious gravel and shells, may contain predominantly surficial depo-
sits of herbicide, which vaporize more readily; heat and mass transfer are
?gt-expected to significantly affect desorption rates for surficial depos-
S. ’

For the tests performed at 558°C which gave final 2,3,7,8-TCDD values
1ess than 1 ppb, analysis of the treatad soil was also done for the her-
bicide constituenis identified in the untreated test soil (see Section II).
Table 11 1ists these results. For all soils, the residual concentration of
2,4-D was nondetectable at less than 50 ppb detection level and 2,4,5-T was
detected at less than 20 ppb. This represents a removal efficiency of
greater than 99.99 percent as given in Table 12. The residual con-
centrations of the three chlorophenols could not be determined below the
normal detection level (1 ppm) by the standard analytical protocol used.

Residual concentrations of all CDD and COF cogeners above tetra were
v non-detectable at levels typically less than 0.5 ppb except for the Jl
SN sarples. The hepta and octa CDD contained in the untreated JI soil were’
effectively ramoved, althcugh & residual concentration of octa COF repre-
sented 25 percent of the starting concentration. The detection levels of
_ the thermally treated samples were lower by a factor of 2 to 8 times,
, apparently because of the absence of other chemical compounds and the
. reduced interaction of the CDDs and COFs-with the soil matrix (Section IIj.
The restdual concentration of TCOF comparsd to the untreated soil indicates
’ a remova) efficiency of only about 90 petrcent for JI soil and 80 percent for
| NCBC, although final concéntrations were less than 0.7 ppb for all solls.
This is contrasted to the removal efficiencies for 2,3,7,8-TCOD of greater
than 99 percent.

2, Physical Effects of Treatment

Yisual inspection and weight loss medsurements were conducted to
understand the changes in the soil matrix caused by the exposure to high
tesperatures. OTA analysis of each soil was discussed in Section II. The
test temperatures used in the treatability study were lowsr than the DTA
range and lower than the tesperatures achieved in the batch pilot kiin
tests. Therefore, transformations observed during the treatability tests
are not fully indicative of expected behivior in the MIS,

Table 13 presents the data on the total weight 10ss which occurred as a
result of thermal treatment, and compares this loss with the theoretical
1oss attributed to initial “free moisture.® The final column of values
represents the weight loss unaccounted for by initial moisture and is
assumed to be 2 result of combined thermochemical transitions of the mineral
and organic matter in each soil matrix. The data are arranged by soil type
and in order of increasing temperature and time. All three sofls show some
increase in unaccounted-for waight 10oss as the tesperature increases. This
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-TABLE 11. ANALYSIS OF TEST SOIL SAMPLES TREATED AT 858°C
FOR COMPOUNDS OF INTEREST

—Concentrationd (ppb)

Compound JIo Egiin® NCBC®
2,40 ND(47) ND(12) ND(31)
2,4,5-T 16 0.8 3
2,4-dichl orophenol ND(1000) ND(1000) ND(1000)
2,4,6-trichlorophenol ND(1000) ND(1000) ND(1000)
2,4,5-trichlorophenol ND(1000) ND(1000) ND(1000)
Arsenic NAd NAd NAd
2,3,7,8-TCDD 0.81/0.318 0.71 0.99/0.55°
TCOD - 0.27 0.42 1.6
TCOF 0.63 0.40 © ND(0.26)
PCDD ND(0. 35) ND(0.29) ND(0.30)
PCOF T ND(0.44) ND(0.39) ND(0.79)
H,C0D ND(0.40) ND(0.44) ND(0.41)
H,COF ~ ND(0.82) ND(0.31) ND(0.41)
HpCOD N2(0.20) ND(0.34) ND{0,30)
HoCOF ND(0,52) ND(0.78) ND(0.49)
0cop ND(0.34) ND(0.68) ND(0.49)
OCOF 0.30 ND(0.40) ND(0.38)

3ND = not detected usin? the analytical procedure identified in Section Il.
Detection levals are given in parantheses.

Drime at 550°C = & minutes.
CTime at 550°C = 15 minutes.

dArsenic not analyzed on treated soils since it was not detected in initial
test soils,

CAnalytical duplicates.
fExperinental dupiicates.
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TABLE 12, CALCULATED RENOVAL EFFICIENCIES FOR 2,4-DBE AND 2,4,5-TBE
a AFTER TREATMENT AT 558°C

: ) j T Removal e?ﬂciencya
Test: Sbiv: : (%)
number identification Z,%-UBE 2,4, 5=18E
i — e
6 Jib >99,995¢ 99,9982
7 Eglind »99,999¢ 99,9999
8 ncacd >99, 991¢ 99,9996

—— * I~TrTnal conc. X treated sample welg
Removal Efficiency = 100 1 - [ TIATETaT conc. X untreated sample wed ght)l’
bTime of treatment = 8 minutes.

CEfficiency calculated based on detection level for the specific analysis.

dTime of traatment s 15 ménutes.
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weight loss, which is highest for JI soil, was expected, based on the DTA
results. The weight loss for JI soil would be significantly h1gher at tem-
paratures above those used for the treatability tests (see Section 1V).

The visual changes which occur to constituents of soil exposed to high
temperatures can indicate irreversible physical and chemical transitions
which may influence processing characteristics in the MIS. For example,
upon drying a moist clay can fragment, producing many very fine clay par-
ticles which show greatly different behavior in the kiln. Attrition and
fusion or slagging are important changes that can be demonstrated in hench-
and pilot-scale devices. Combustion or pyrolysis (charring) of organic
matter can usually be detacted through color changes. Color change may also
indicate a mineralogical transition.

Inspection of the three test soils before and after the thermal desorp-
tion tests resulted in several observations. The JI sofl became aarker
(gray) in color and had evidence of small black particles. The NSBC and
Eglin soils changed from brown to reddish brown. No significant difference .
in particle size was noticed. Color photographs were taken of the soil
sasples before and after treatment and are on file at IT Corporation.
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SECTION IV
BATCH KILN PILOT TESTS

A. EXPERIMENTAL PROCEDURES AND EQUIPMENT

Pilot-scale batch kiln tests were performed on uncontaminated samples
from the three sites. Testing was conducted by Allis-Chalmers during the
period of January 9-11, 1985 at {its test center in Oak Creek, Wisconsin.
The test unit and procedures have been used by Allis-Chalmers for studying
the processing of many different materials other than soil. The test con-
ditions were specified by ITC and the tests were witnessed by an ITC tech-
nical representative.

Tests were conducted in a 14-inch diameter batch kiln which is shown
sche-matically in Figure 7. A photograph of the pilot kiln system (being
used for a different project) is shown in Figure 8. A total of 11 tests
were conducted, using the three soils. The test conditions are summarized
in Table 14. Sample numbers used by Allis<Chalmers to identify the three
sotls are given for references. The soil1 samples used in the tests were not
sieved; the particle size range was representative of the composite drum of
soil as received.

A1l tests were performed so that the final kiln temperature was approxi-
mately 1038°C (1900°F) and the initial kiln loadings were 7 percent by
yolume. All tests were made with a kiln rotational speed of 2.8 rpm. These
values were selected to be representative of the MIS; the temperature and
loading are approximate upper limits of the operating range. Likewise, the
ranges of total gas flow rates were chosen to reflect the ranges of super-
ficial gas velocities that are used in operation of the MIS at 50 percent
excess air (10 percent excess oxygen) in the kiln. Three gas flow rates
were selected for each soil. In addition, one test using Eglin soil was
performad at a lower gas flow rate to allow cosparison with previous test
data from Missouri soils. Another test using JI sofl was made using an
intermediate gas flow rate to further define the relationship between
entrainment and gas flow rate. Higher rates of gas flow were not possible
due to limitations of the batch kiln.

Each test was run for 60 minutes. The kiln was brought up to tem-
perature and the inftial gas flow rates were set before charging the kiln
with a prewetighed quantity of sofl. The sofl charges were placed into the
kiln through the exit gas port, using a shovel made for this purpose. The
kiln {s heated using natural gas and air and/or oxygen to satisfy combustion
parameters. The relative feed rates of these three gases were varied during
each run to reach and maintain the desired operating temperature while
keeping the total gas flow rate constant throughout the run. The gas feed
rates givan in Table 14 represent the equilibrium rates achieved after
reaching steady-state.

43




» \ /
Z‘_‘j \ /
gN N L/
»N e
s% 5
£ 5
gg f*/ :
< w -3
s = -
< a
a‘ 0:' d Q0
8 b
: & i
2 \
3 »
- .
Y
N i

:
z
3
§

e

_

|
\ |

. \ o

_

.

|

\




——

o apmistant.

Figure 8. Photograph of the Allis-Chalmers
Pilot XKiln System

L
|
- v
45
= {
{
L




“B53S BT O3 ZE W04 PILSTa nE)) 536 (EIE) leamie) Jamay,
Ty XPUUY U Z-19L% SV PITIGU] S¥ T ISVL

46

(ol g0l sy ot s2° 12 2 662 e w483 n
101 vl 99"y osb o €2 S 96 oM E ] ol
4201 SE0L #9°y a0t 99 3°2 e 65 MU M $
ol -8tol 89°y o5t <2t *”2 el ow ey m 9
SCot  Gent "ws ol » e *r 06 1) i t
4201 Rl Ly oSy 1 &2 9 o'l6 ey vy ’
1208 oWl SE°y 00¢ 9 e Y e o8 "5 s
o1 1ot ”"'s asy WI 62 - 69 o161 " »
9201 9Lol Sty ost 2 2 Z €Iz e uy183 £
01 0V01 s 002 Si "1 2 s I19M8 1" .m

0201 1ot "ws st 43 ez &£ e 1348 r

0% {By%) 1V

u {23) Whgan  ajed .s“.

S210029dm0) absey) seh g3
R Lid 2 |

Lad XL T IR L L
1405 )

TNILSIL NUEX JOLVE - SHNOMIIGRHID S35 “ol 3WVi

T U O O T N N




ata £

The gas and soil temperatures were taken by means of two stationary
thermocouples inserted through the exit gas port of the kiln. Temperatures
were recorded on a continuous chart recorder.

Particles escaping from the gas exit port were collected on three metal
trays placed on the floor and weighed after each test. Particle size deter-
minations were also performed on the collected material. For tests with the
highest gas velocity, some entrained solids fell outside the area covered by
the trays. When this occurred, the floor was swept after the test and the
sweepings kept separate from the contents of the trays. Some entrained par-
ticles may have escaped through the ventilation hood above the gas exit
port. This loss is considered to be negligible, based on observations made
during the tests.

During Tests 3 and 5, the kiln was observed to leak at the beginning of
each test, This leakage was stopped after several minutes. The spilled
material from Test 5 was collected at 8 minutes into the test and found to
ge1gh 0.66 kg. The material was allowed to remain in the tray during Test

During Test 8, a power outage interfered with operation of the
compressor that supplied combustion air to the kiln. The reduced air
pressure did not provide the desired air flow. Therefore, this test was
performed at a total gas faed rate of 32 scfm for 40 minutes and then at 24
scfm for the final 20 minutes of the test.

B. TEST RESULTS AND DISCUSSION
1. Visual Observations

During batch kiln testing, visual abservations were made to assess the
characteristics of the soils during processing. JI soil was observed to
break apart during the run. The greatest apparent attrition occurred
after 15 to 30 minutes. Bed temperatures during the maximum attrition
period were about 850°C (1562°F). This behavior is considered to be a
result of physical changes occurring during calcination. The color changed
from 11ght gray to white,

Eglin sot] showed 1ittle visual change during the tests other than a
slight color change. Small pleces of organic matter were observed to burn,
but these particles amounted to only a very small percentage of the soil.

The NCBC soil was observed to have stignificant organic “burnout” during
the tests. Burning was observed both from fine organic matter distributed
evenly within the soil as well as a number of larger pieces such as small
sticks. After heating in the kiln, this soil had a distinctly different
appearance, changing from what appeared to be a relatively homogeneous mass
of fine material with some shells intermixed to a mixture of shell, sand,
and small gravel. Treated soil appeared to have a mich higher percentage of
shell than was apparent from fnspecting the untreated sample, possibly as a
resu\: ?f attrition of nonshell material or burn-off of superficial
material,
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In contrast to previous testing on Missouri soil, these three test soils
were observed to have significantly greater entrainment. This was apparent
from the visible presence of particles in the air-stream exiting the kiln.
Although most of the material was collected, some was observed as being in
the air that entered the fume hood positioned over the exit gas port.

Higher superficial gas velocities were used for these tests than for pre-
vious tests. Entrajnment is discussed more fully below.

2. Test Data

The 11 test runs were performed at constant total gas feed rates. The
relative rates of air, oxygen, and natural gas supplied to the kiln were
adjusted throughout the tests to maintain the desired test conditions of
1038°C (1900°F) and 10 percent excess oxygen (~50 percent excess air). Data
sheets given in Appendix B show the actual gas feed rates for each test,
along with recorded temperatures of the gas and soil bed.

Feed moisture. contents given in the data sheets represent the soil
moisture content of the samples as received. Previous tests with Missouri
sol] demonstrated the influence of moisture content on heat-up rates, attri-
tion and entratnmeit; the influence of moisture content was not studied
during this test work.

3. MWeight Loss Data

The data sheets in Aanex 4 givs the specific weights of product:
remaining in the kiln, exhaust dust coilected in trays positioned under the
exit air port of the kiln, and floor sweepings taken from around the trays.
The floor sweepings ware taken since entrained particles were observed to
fall outside the area covered by the trays. The weight of entrained dust
for each test was taken to be a combination of collected exhaust dust and
floor sweepings. Charge weights ware determined based on the bulk density
of the sofl and ware calculated to be equivalent to a volume of sofl equal
to 7 percent of the volume of the batch kiln, Tadble 15 comparas the total
product=plus-antrainmant weight with the charge weight and demonsirates the
effect of differences in the thermal stability and composition of the three
solls. All tests with the JI soi) were cbserved to have a stgnificant loss
between the charge weight and the total product weight. Some of this loss
is attributadle to 1oss of moisture, but the greatast loss is attributed to
calcination. In cowparison, the Eglin sof) had only a small weight loss
that can be accounted for by loss of moisture and organic burnout. The
Gulfport sofl experienced a weight loss intermediate between the other two
soils which was attributed to a combination of moisture loss, organic burne-
out, and calcimation of the many shells observed in the soil sample. These
results are in agreemsnt with the DSC/TGA results reported in Sectton Il.

Bulk densities for the three soils as received are given in Table 16,
along with the densities of the kiln products after the tests. It *s
apparent that the JI soi) underwent a significant decrease in density during
the tests. This is attributed in pa~t to the weight loss caused by calcina-
tion (conversion of calcifum carbonate to calcium oxide). The density of
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TABLE 16. SOIL BULK DENSITIES BEFORE AND AFTER KILN TESTS

Sample

gmggts't dasz?-;;tion Density (1b/ft3)
Sample 4760 Eglin As Recelved 80.04
Sample 4761 JI As Received 85.98
Sample 4768 NCBC As Received 78.92
Test 1 JI/After Test 55.56
Test 2 JI/After Test 54,31
Test 3 Eglin/After Test 94,28
Test 4 JI/After Test 51.19
Test 5 Eglin/After Test 92.40
Test 6 Eglin/After Test 92.40
Test 7 JI/After Test 47.45
Test 8 NCBC/After Test 84,29
Test 9 NCBC/ATter Test 87.41
Test 10 NCBC/After Test 118.63
Test 11 Elgin/After Test 93.03
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Eglin soil appeared to increase slightly during the test. The density of
NCBC soil increased slightly in two tests and increased a moderate amount in
the third test.

b. Particle Entrainment Data

Based on the total combustion gas flow through the pilot kiln given in
Table 14, the average superficial velocity within the kiln was calculated.
These values are given in Table 17 and compared to the relative weight of
entrained soil. Figure 9 shows the relationship between entrainment and
kiln gas superficial velocity for the three soils. Data were taken at gas
superficial velocities representative of MIS operation at 50 percent excess
air. One test for Eglin soil at 2.3 feet per second superficial velocity
was observed to have some leakage of soil from the front of the batch kiln.
This accounts for the high value for that data point.

Entrainment of NCBC soil appears to have the greatest dependence on
velocity while £glin soil has the least. Eglin soil had high entrainment
for the entire range of superficial velocities, while the other so0ils had
Jower (less than 10 percent of total charge after 60 minutes) entrainment,
particularly at low gas velocities.

During the batch kiln tests, the soil bed was watched through the S-inch
diameter exit gas port. The nature of the air currents in the kiln was
noted in a1l of the tests and could be observed particularly well during
periods when flames were present in the kiln as the result of organic burn-
out. The air currents appeared to be turbulent in all of the tests,
although tests at lower gas velocities (1.8 and 2,3 feet per second) had
significantly slower “swirling" of flames.

The entrainment process appeared tc be influenced by kiln rotation and
flov characteristics of the particular soil. As particles were rolled over
and subgected te the gas flow, they were caught by swirling currents
(eddies) near the soi} surface. The eddies appeared to 1ift soil particles
into the exit airstream,

A direct relationship between entrainment in the pilot kiln and the MIS
cannot be made, so the values given in Figure 9 are not represantative of
the MIS, nor can simple correlations be used to predict entrainment rate. A
1imited study of entrainment theory was carried out as part of this project
to understand the fiplications of the batch %iin results. Although the
1{terature reports empirical relationships which are usaful for evaluating
simple flow situations, the accurate modeling of a direct-fired rotary kiln
processing a diverse range of solids requires considerable additional tech-
nical study and testing. A brief summary of literature findings is pre-
sented in Annex 9.

c. Particle Size

Screen analyses were run on the soil samples as releived, aad for each
test on kiln products and entrained dust collected un the trayt. These data
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sof1 velocity in kiln  WeTghtm g

identification  ~ (ft/sec.) (kg) charge  Test
d Y} SRR m‘ s ~0 7]  wa 1
- J1 | 3.12 0.40 7.4 2
| a1 4.67 0.51 9.4 7
1 7.01 0.69 12.7 4
Eglin L1 0.89 18.7 11
: Egtin 2.34 .40 29.5 3
: Eglin 4.67 1.08 22.7 5
: Eglin 7.01 1,45 30.5 6
: NCBC 2.34 0.14 3.0 8
L NCBC 4.67 0.57 12.2 9
- NCBC 7.01 0,94 20.1 10
s‘
t.,
- 52




E

&
o

30

26 7

20 f—1
18 4 [

6

14

R V4 — / /
10 '
i 1 N
- Legend:
/ ®-.I Soll
O~ Egiln Soll -
~ 4 - NCBC Sall
» 8 - Previdus Oota on
: Missouri Soil :
i .

T

Entrained Sciid, Percent of Tofel After Burn

o N a2 O

|
o1 2 3 4 6 7 8

Superticial Vetaclty
(£¢/ sac)

Figure 9. Comparison of Entrainment with Superficial
~ Gas Velocity in Batch Pilot Kiln

53




are presented in Amnex 4. All screen fractions are given as & percentage
; ofﬁthe initial sample weight. Both Tyler and ASTM micron sieve sizes are ~
‘ given.

. The results of selected screen analyses are summarized in Figures 10,
11, and 12. Each figure gives the particle size distribution of the soil
fractions that apply to the test conducted on each soil with a gas super-
ficidl velocity of 7.1 feet per sécond. This superficial velocity was
selected since it produced the maximum entrainment during the tests, giving
: a larger sample of exhaust dust for screen analyses. The figures plot the
) screen size versus the weight percent of the total sample retained on that
e sieve. The total of the Kiln product and exhaust dust equals 100 percent of
: the total soil recovered after the test.

Figure 10 gives the results from Test 4 with JI soil, showing a shift in
the particle size representing attrition during the test. It is also
apparent that the smaller particles were selectively entrained.

" Figure 11 gives the results from Test 6 with Eglin soil. The screen
analysis of the sample as received reveals that the soil has a fairly uni-
form size of about 28 mesh. No separation of finer particles from coarser

/ particles was observed in the exhaust dust and kiln product. The size

dist;ibgtion after batch testing closely matched that of the sample as

received,

Figure 12 gives the results from Test 10 with NCBC soil. The screen
analyses of the kiln product and exhaust dust show the selective entrainment
of the smaller particles, starting at about 28 mesh. The combination of the

f kiln product and exhaust dust closely matches the screen sizes found in the
sample as racaived, indicating 1ittie or no attrition or agglomeration. The
reduction of particles in the 0.75-inch range is attributed to the burning
of sticks that were observed in the sample.

d. Temperature Data

{ During batch kiln tests, temperature data for the soil and exhaust gas

. were continuously recorded; these data are given in Annex 4. Final tem-
peratures (at steady-state) are 1isted in Table 14, Since all the tests
were conducted to achieve the same final temperatures, the only differences
between tests were during the heat-up period, which lasted from about 6 to
30 minutes depending on heat input, charge weight, moisture content, and
soil type. Figure 13 compares temperature profiles for the three soils at
the same heat input. For JI soil, a plateau at about 850°C was obvious,
corresponding to calcination. The heat-up rates for JI and NCBC soil were
influenced by the higher initial moisture content. Also, the charge weight
for JI sofl was greater than the other two.

e, Dynamic Angle of Repose

The dynamic angle of repose for the three soils was measured using a
38-inch diameter drum, rotating at 0.82 rpm. This property is important in
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assessing the soil flow characteristics and resuiting effect of kiln incli-
nation on residence time. Tests were conducted on all three soils as
received and on NCBC and Eglin samples after firing in the kiln. Data from
these tests are given in Annex 4 and summarized in Table 18.

During this testing, JI soil was observed to roll over in a continuous
fashion, with the larger particles generally staying on the outside of the

- sample, covering smaller particles underneath. The observed angle of repose

was slightly greater than that for Missouri soil (clay-loam) studied pre-
viously, but close enough to allow data measurements of flow of Missouri
sofl through the MIS kiln to be applied to predictions for JI soil. A kiln
loading of approximately 6 percent will be used in calculations related to
heat transfer.

Eglin soil was observed to have a relatively low angle of repose, as
would be expected from sand. After firing, the observed angle decreased
significantly and the sand was observed to flow in a smooth motion. It is
expected that this sofl will flow quickly through the MIS. The Allis-
Chalmers coaputerized mass flow model has not been verified with soils and,
therefore, it 1s not possible to accurately predict soil flow rates through
the MIS. An assumption of a kiln loading of 4 percent will be used in heat
transfer analyses, based on previous MIS trials using sand.

NCBC soil was observed not to have the rolling motion characteristic of
the other two soils. Instead, this soil stayed in a mostly stable mass
which s1id down the side of the test apparatus without much blending. After
firing, the sofl was observed to exhibit some rolling motion, although the
sliding was still apparent. The sliding motion is thought to result from
the presence of a large number of shells in the soil. This soil will have a
high Yoading in the MIS, even though the measured angle of repose is low.

Ro previous specific NIS test data or validated flow models are available to
confirm this. The loading of this soil will be taken to be 7 percent for
the purpose of heat transfer calculations.
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TABLE 18, SUMMARY OF DYNAMIC ANGLE-OF-REPOSE MEASUREMENTS

I (REAEY] Bed Angle of repose
So01 . moisture loading Upper section Lower section
(%) (%) (%)

identification (%)
J1 6.5 7 49 39
Elgin 1.2 7 44 35
Eglind ~0 4,42 32 32
NCBC 6.4 7 40 40
NCacb ~0 2.5% 35 33

3Insufficient sample remaining to have desired soil charge.
batter firing in kiln.




SECTION V
HEAT TRANSFER EVALUATION

A special computer program was used to model heat transfer in the MIS
kiln for the three test soils. The program had been developed and was
applied to this study by Allis-Chaimers personnel. Previous results ITC
obtained from a similar study of Missouri soil were used as a basis to
select the input conditions for computer runs. The program models the
overall heat transfer in a kiln by dividing the kiln into three or four
regions and modeling each region separately. In the first region, the wet
solid is heated from ambient temperature to the boiling point of water. In
the second region, water is evaporated at a constant solid temperature. In
the third region, the dry solid achieves its final temperature. If calcina-
tion is known to occur, a fourth region is modeled for its heat duty at
gonstant temperature. This region is important for studying lime kiln per-

ormance.

The heat transfer constants used in the computer calculations were
derived from a proprietary Allis-Chalmers data base developed from studies
using other feed materials typically processed in rotary kilns, such as
1imestone. The constants are adjusted according to the characteristics and
configuration of the kiln which is to be modeled. A difficulty in accu-
rately modeling the heat transfer characteristics of the MIS kiin is pre-
sented by the flights within the kiln toward the feed end. The heat
transfer constants used in this study were the same as those used for the
study of the treatment of Missouri soil in the MIS. The program does not
account for differences in the heat transfer characteristics (other than
heat capacity) of various soil types or particle sizes. The constants are
‘1isted with the sample computer printouts in Annex 10.

The runs were selected to demonstrate the differences in the predicted
Soil time-temperature profiies due to differences in overall neat duty and
g:i\‘heaglcapacdties. as obtained from TGA and DSC analyses described in

ction I1.

A. OBJECTIVES

Definttion of heat transfer in the MIS kiln enables predictior of the
operating limits for maximum soil processing rates. The maximum feed rate
varies dramatically with the composition of the soil being treated.

Ot fferences in sofl that affect the treatment rate include the moisture con-
tent, organic content, quantity of material subject to Lhermcchemical tran-
sitions (e.g., calcination), heat capacity, and requirement for excess air
(to meat RCRA/DRE requirements) during kiln operaticn.

Prediction of the maxisum treatment rate is important in assessing the
cost effectiveness of using the NIS or some larger rotary kiln incinerator.
The projoctad maxinum processing rate will also be usaful in planning and
conducting effective field demonstrations. Operating the MIS near 1%s maxi-
aum capacity will provide valuable data #ith which to evaluate/design larger
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systems. This will allow accurate cost analyses to be done on larger units
to aid in comparison with other treatment alternatives.

An additional objective of the heat transfer work was to help define
possible {mprovements in the MIS, identify important data collection needs
for field demonstrations, and reveal major design changes that could be
incorporated in a larger-scale unit.

8. PREVIOUS HEAT TRANSFER STUDY RESULTS

The heat transfer characteristics of the MIS in treating soil from
Migsouri were studied extensively during previous work for the EPA, In lhat
study, the effects of soil moisture content, heat capacity, and kiln excess
air on the time-temperature profile of soil in the kiln were 1nvest19ated.
Also, 2 series of heat and material balances was performed using ITC's com-
puter model. The results of that work, which are important to understanding
of the results reported herein, will be documenied in an EPA report in 1985.
g synopsis of the conclusions and observations of the previous work is given

ere.

Previous work demonstrated that the kiln would not normally be limited
by heat transfer within the range of operating conditions selected for the
Missouri trial burn. Overall MIS capacity limitations include the rate of
the solids feed systam and the requirement for a 2-second residence time for
gas in the secondary :ombustion chamber (5CC). The limit on the SCC results
from the high percentige of kiln excess air used. It was determined that
kiln excess air needed to be less than 100 percent and preferably less than
50 percent before the kiln could be operated at its heat transfer limit.
The primary effect of sofl moisture content was the increase in enthalpy due
to vaporization, which reduces the heat avaflable for quickly increasing the
sot} tesperature. The reduction in available heat caused by sofl moisture
becomes very important above 10 percent. Soil moisture content had &
greater effect on soil discharge temperature than the dry soil feed rate
within the range studied. This liait is a result of the total fuel that can
be fired, rather than of heat transfer, The heat transfer rate will affect
capacity only when these other limitations are removed. Heat transfer is
Timiting when the feed rate incroases to the point where the soll residence
time in the kfIn is low, and therefore the soil does not reach the time-
teaperature condition required for sufficient decontamination.

Several recommendatiors were presented to EPA based on (his previous
work, The first and foremost xas to operate the incinerator at low excess
air concentrations. Normal ope~ation of hazardous waste incingrators cails
for excess air concentrsiions of 10D to 150 percent. This gives a “cushion®
to allow the system to handle sudden surges in the waste fead heating velue,
and prevents conditions where complete combustion is not obtained. When
treating soil, which !iac n negitgidle heating value, this mode of operation
1s not necessary, sliminating the need for high excess air. This allows
operation at lower (25 to 50 percent) excess air, reducing entrainment and
enadbling higher heat input and corresponding higher soil feed rates to
achieve a given time-temparature zondition.

62




Physical modifications recommended for the MIS inciuded the addition of
dams at the discharge end of the kiln and modifications in the exit air
discharge ducting to permit greater adjustment in kiin slope. These modifi-
cations would increase the maximum kiln loading and therefore enable higher
feed rates while maintaining the required soil residence times. These modi-
ficgtions wguld be particularly important in treating a free-flowing soil,
such as sand.

C. HEAT TRANSFER COMPUTER SIMULATION RESULTS

Computer runs were selected to give a number of data points in the
region of maximum kiln capacity for each of the three soils. The conditions
were selected based on knowledge gained through the previocus work and spe-
cific data gathered on the soils during the batch pilot kiln tests and
laboratory treatibility tests.

Table 19 outlines the 15 heat transfer runs performed; five runs were
performed for each soil. Example printouts of the computer runs are given
in Annex 10, along with heat and material balance program runs performed
at the same conditions. Three of the runs for each soil were performed at
conditions of 12 percent moisture and 50 percent excess air, with varied
feed rates, to allow definition of the heat transfer limit. Two additional
runs were performed on each soil at 25 and 100 percent excess air to
demonstrate the effect of excess air concentration on treatment. A constant
fuel feed rate to the kiln equivalent to 5.5 million Btu/hour was used for
all runs. Higher kiln heat duties would make it difficult to maintain the

@aridatory 2-second residence time in the SCC.

The results of the 15 heat transfer runs are summarized in Table 20.
Comparison of the runs demonstrates the effects of soil feed rate and kiln
excess air on sotl discharge temperatures. The results of the heat and
material balance program runs are also summarized in Table 20. This program
assumes temperature equilibrium between the gas and solids. This tem-
perature represents an average between the two temperatures given by the
heat transfer program, weighted for the heat capacity of the total gas and
solids leaving tae kiln, Inspection of Table 20 reveals that the heat and
material balance program gives a somewhat higher temperature than does the
All14s=Chalmers heal transfer wodel. The magnitude of this difference is not
considered significant since the lower tesperature calculated by the heat
transfer program will resuit in conservative estimates of the kiln capacity.

The soil temperature predicted by the heat transfer program assumes a
uniform bad temperature. In an operating kiln, temperature gradients wil}
be present in both individual (large) soil particles and in the b1k soil
bed. To account for this, an allowance of approximately 50°C {90°F) should
be made in the s0il1 discharge temperatures. For soils that may have a
higher temperatura gradient, such as those with relatively large chunks or
those that do not mix well in a moving bed, the allowance may teed to be
slightly greater.
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Past comparisons of the heat transfer model with actual MIS operational
data have indicated that the heat transfer coefficients used in the model
may be slightly high, causing the model to predict higher soil discharge
temperatures and lower exit gas temperatures than those experienced in the
kiln. The magnitude of this effect is undefined and will require evaluation
of additional operating data. However, preliminary indications are that the
effect is less than 55°C (100°F) for soil discharge temperature when the
kiln is operating at low mass flow (~1000 pounds/hour), low firing rate
(~3.0 mm Btu/hour), and high excess air (~100 percent). Tie resuits pre-
sente?tin Table 20 should only be employed for approximate estimates of kiln
capacity.

The data presented in Table 20 indicate the thermal and heat transfer
limitations of the MIS kiln for treating the three soils of interest. At 50
percent excess air and 12 percent moisture, all three soils apparently can
be treated at a rate of 4000 pounds per hour dry weight as determined by
soil exit temperatures above 700°C (see Section VI). The Eglin soll may
have a slightly lower maximum rate, due primarily to the free-flowing nature
of the soil which reduces the kiln loading and associated soil residence
time. At 100 perceat excess air, the heat transfer 1imit appears to be
approximately 3400 pounds/hour for the JI and NCBC soils and somewhat lower
for the Eglin soil.

The heat and material balance program was used to check the results from
the heat transfer program and to examine limits in the secondary. combustion
chamber (SCC). The heat and material balance evaluation results revealed an
additional system limitation at 100 percent excess air. Table 21 gives the
secondary burner fuel requirements for the 15 example runs. Examination of
Runs 4, 9, and 14 in Table 2] shows that the burrer requirements in the SCC
exceed the burner limitations of 5.5 times 106 Btu/hour. This limit relates
to both the actual burner feed rate limitations and the limit on combustion
gas flow rate that may be tolerated in the SCC to meet the 2-second gas
residence time requirement. Analysis of the ruins performed at 3400
pounds/hour and 12 percent moisture yielded maximum excess air percentages
of 61, 66, and 74 percent for treating Egiin, JI, and NCBC, respectively.
However, the above analysis assumes that the solids discharge and exit gas
temperatures in the kiln are equal. In the operating system, the gas tem-
perature entering the secondary is significantly higher than that predicted
by the heat and material balance program. Therefore, the heat load on the
secondary burners would be expected to be less than calculated, allowing
higher soil feed rates at the same excess air and moisture indicated by the
values in Table 21. In summary, operation at 100 percent excess air, 3400
pounds/hour dry solids feed, and 12 percent moisture represents a point
tlose to the operational 1imit of both the kiln and SCC.

The effect of sofl moisture content was not included as part of this
heat transfer study. For estimates of system performance at higher moisture
contents, the total water feed rate as given in Table 19 should be used for
comparison, rather than the dry soil feed rate. 7This should yield reason-
ably accurate results for soil having moisture contents up to 20 percent.
Reports describing previous heat transfer studies should be referenced.
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TABLE 21. SECONDARY COMBUSTION CHAMBER BURNER FUEL REQUIREMENTS
FOR HEAT TRANSFER RUNS

Run 5011 Excess So17 dry SCC burner require-
Ko. {dentification air (%) feed rate (1b/hr) ment (106 Btu/hr)

1 Eglin 50 34C0 4,756
2 Egqlin 50 4000 5,562
3 Eglin 50 3000 4,186
4 Eglin 100 3400 7.651
5 Eglin 25 3400 3.402
b JI 50 3400 4,630
7 JI 50 4000 5.424
8 JI 50 3000 4,063
9 JI 100 3400 7.501
10 JI 25 3400 3.262
11 NCBC 50 3400 4.119
12 NCBC 50 4000 4,842
13 NCBC 50 3000 3.606
14 NCBC 100 3400 6.988
15 NCBC 25 3400 2.781
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SECTION VI
EVALUATION OF MIS TREATMENT CAPABILITIES

In order to translate the laboratory treatability data and the calcu-
lated heat transfer rates of the MIS kiln to a projected overall soil treat-
ment capacity, a statistical evaluation was performed and the results were
combined with the predicted soil temperature profile in the kiln. Multiple
linear regression analysis was performed using all the treatability data,
considering a variety of different mathematical models relating time, tem-
perature, and 2,3,7,8-TCDD concentration. This data analysis was done using
the computer software package SAS (Statistical Analysis System) developed
and maintained by the SAS Institute, Box 8000, Cary, North Carolina. Or.
Robert MclLean, Professor of Statistics at the University of Tennessee,
Knoxville, Tennessee carried out the statistical evaluation as a consultant
to ITC. A similar statistical evaluation was previously performed on
treatability studies of a single Missouri soil contaminated with
2,3,7,8-TCOD, Therefore, some of the models which were evaluated had
already been identified and were simply confirmed using the new data. In
addition, severai new models were considered which utilized the initial
2,3,7,8-TCOD concentration as a variable, since each of the three soils had
different initial concentrations.

Statistica) evaluation of previous laboratory thermal desorption test
data had shown that soil moisture con’ent and purge gas type and flow rate
had no significant effect on treatability, except the indirect effect of
initial sofl moisture on the temperature profile (heat-up time) during a
specified treatment period Particle size was shown to have an effect only
for gross differences (e.g., 5 cm cubes vs 2 mm material), and this was con-
sidered to be primarily due to heat transfer within the large particles.

The data base used for the statistical analysis is presented in Appendix
1. For each test, different parameters such as time, temperature, vapor
pressure, etc. were calculated for use in the regression analysis.
Mathematical models were developed relating the concentration of
2,3,7,8-TCOD afte; treatment with one or more of the parameters.

The effect of soil type on treatability was determined to be minor if
the variation in starting concentration was accounted for. There was no
statistical method to ascertain the effect of sotl type because only one
starting concentration for each soil was available.

The three models which were found to best fit the 16 laboratory desorp-
tion test results from this study, and their Resquare values are as follows:

LNPD = 1,170 - 4,164 X 10-% (IvP) (1)
R = square = 0.80
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LNPD = -0.213 - 8.63 X 10~% (IvP) + 3.02 X 10-10 (Jvp)2 (2)
R-square = 0,91

LD = 0.204 + 0.908 (LINC) + 0.226 (TIME) + 1.91 X 104 (TEMP)  (3)
-5.97 X 10=6 (TEMP)2 - 5.24 X 10"4 (TITP)

R-square = 0,93
where:

LNPD = loge of weight fraction of initial 2,3,7,8-TCOD remaining after
treatment,

IVP = integral of vapor pressure over the treatment period
(mmHge minutes),

LD = logyg of final concentration (in ppb) of 2,3,7,8-TCDD,

LINC = logyg of initial concentration (in ppb) of 2,3,7,8-TCOD,

TIME = time at constant nominal treatment temperature (minutes),

TEMP = nominal treatment temperature (°C), and

TITP = TIME « TEMP,

The integral of vagor pressure is determined by calculating the vapor
pressure of 2,3,7,8-TCOD for the average temperature during each l-minute
interval (including during the heat up period) and summing these values,
which is essentially equivalent to the area under a plot of vapor pressure
versus time. The predicted vapor pressure of 2,3,7,8-TCOD is shown in
Figure 14 with the corresponding Antione equation (Reference 15).

These models are, to some extent, a function of the characteristic time-
temperature profile for the experimental apparatus and procedures used to
generate the data. This must be considered when attempting to predict
treatment performance in the MIS, which will have a somewhat different time-
temperature profile depending on a number of factors, such as initial sot!l
moisture content, solids feed rate, and heat input.

Figure 15 s a plot of LNPN versus IVP, showing reasonably linear depen-
dence. By usin? Equation (2), the approximate conditions of time and tem-
perature to achieve certain treatment efficfencies can be calculated.

Figure 16 shows the significance of temperature on rteducing the con-
centration of 2,3,7,8-TCDD from 100 ppb and 500 ppd to 1 ppb. Assuming a
constant solids temperature within the MIS kiln, the required residence time
for the 100 ppb contamination level varies from less than 1 minute at 800%C
to about 16 minutes at 500°C. Less residence time would be required for
soils with Yower contamination levels. However, the solids temperature in
the kiln varies and complicates the prediction of residence time require-
ments.

The relationship found in this study between treatment efficiency and

time-temperature, as represented by Equations (1) through (3), is comparable
to the results developed previously for Missouri soil.
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By employing the heat transfer program discussed in Section V, the soil
time-temperature profile for any set of conditions can be estimated.
Figure 17 shows the calculated soil residence time for each linear foot
(indicated by a dot) of the kiln, considering the measured soil density,
estimated loading, and selected soil feed rate of 4000 pounds per hour dry
weight. The corresponding vapor pressure-versus-time profile shown in
Figure 18 was developed from Figure 17, assuming that the soil temperature
increases stepwise at 1-foot intervals. The average of the calculated vapor
pressures at the front and rear of each 1-foot interval was used to develop
the values for each point on the curve. The area under this time-vapor
pressure curve was approximated by summing the area of the steps in the
figure. By using the resulting IVP value of 141,000 mmHgemin in Equation
(1), and assuming a sofl feed containing 500 ppb, the estimated final
2,3,7,8-TCDD concentration was calculated to be 0.4 ppb. This value is near
the lower 1imit of the treatability data used to generate Equation (1).
Predicting values below 0.1 ppb would not be justified without further data
taken at low dioxin concentrations (<0.1 ppb).

This same procedure was used to calcuiate the final 2,3,7,8-TCDD con-
centration for each of the heat transfer cases described in Section V.
Table 22 reveals that the model predicts that 2,3,7,8-TCDD concentrations of
less than 1 ppb will be met for all but two cases. Both of these cases
assumed high excess air concentrations (100 percent). However, upon exami-
natfon of the computer sheets for Run 9, it was discovered that the heat
value was input as a negative number, reducing the discharge temperature by
about 50°C (90°F). If this had been input correctly, the predicted con-
centratton would fall below 1 ppb. Runm 2, which had a high soil feed rate
(4000 pounds/hour), and low kiln residence time, was the only other run that
gave a final concentration above 0.1 ppb.

The predictive model is strongly a function of temperature. Using Run 2
as an example, predicted temperatures were reduced by 55°C (100°F) and the
final 2,3,7,8-TCDD concentration recalculated. This method yielded a
revised concentration of 7 ppb. The other runs were evaluated using the
same reduced temperature. Tis did not si?nificant1y affect the results,
for Run 14, which yielded a predicted dioxin concentration of 2 ppb.

The predictive model is also affected by the assumptions made on kiln
1oading gtven in Section IV and summarized in Table 19. As an example, the
predicted 2,3,7,8-TCOD concentrations were recalculated for Run 4 assuming 2
kiln loading of 7 percent as opposed to 4 percent as used for Table 22. The
resulting dioxin concentration for this case was 5 ppb, which represents
close to the maxinum effect possible for varfations in kiln loadings.

To select a set of MIS operating conditions (time-temperature come
binations) that will meet the required treatment effictiency (1 ppdb), all
parameters affecting heat transfer, heat duty, soil residence time, and
starting 2,3,7,8-TCOD concentration must he specified, and the other limita-
tions of the NIS discussed in Section V mist be considered. Excessive
ooisture and sofl feed rate will pose difficulty in achieving decon-
tamination criterta if highly contaminated soil is processed.
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TABLE 22, PREDICTED TREATMENT EFFICIENCY FOx HEAT TRANSFER RUNS

5011 Excess Soi1 dry “Catcuiated 2,3, 7,8-1C00
No. fdentification air (%) fead rate (1b/hi) concentration (ppb)2
1 Eglin 50 3400 <0.1
2 Eglin 50 4060 6.4
3 Eglin 50 3000 <0.1
4 Eglin 100 3400 20
5 Eglin 25 3400 <0.1
6 JI 50 3400 <0.1
7 Ji 50 4000 <0.1
8 JI 50 3000 <0,1
9 J1 100 3400 15b
10 J1 25 3430 <0.1
i 11 NCBC 50 2640 <0.1
| 12 NCBC 80 4000 <0.1
: 13 NCBC 50 3000 <0.1
14 NCBC 100 3400 <0.1
15 NCBC 25 00 <l.1

ssumes initial concentration of 500 ppbd 2,3,7,B-TCDD and 12% mofsture.

K bData for sofl heating value was input as negative due vo calcination
‘endotheru; actual concentration s axpecteg to be somewhat lowar (<1 pob).

7%
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© SECTION VII
CORCLUSTONS

The following conclusions, based on the results of the project, are sup-

ported by previous results of related studies.

1.

2.

3.

4,

5

6.

Thermal treatment studies of Herbicide Orange-contaminated soils frem
Johnston Island, Eglin Air Force Base, and the Naval Construction
Battalion Center at conditions representative of the MIS capabitities
were successful in achieving less than 1 ppb residual concentrations of
2,3,7,8-TCOD and related isomers in the treated soils. Concentrations
of 2,3-DBE and 2,4,5-TBE were reduced to less than 50 ppb under the same
condition, equivalent to greater than 99.99 percent removal efficiency
from the soils. This remaval efficiency is not the same as the DRE
determined by stack gas sampling on incinerators.

Treatment {5 greatly influenced by temperature and residence time.
Statistical evaluation of the treatability data from all three test
solls showed the 2,3,7,8+TCDD concentration after treatment to be
directly proportional to the starting concentration: and Iogarithmically
proportional to the time and temperature.

The soil type had a minor influence on treatability. Eglin soil gave
the highest removal efficiencies and Johnston Island soil gave the
lowest. The differences in treatabiiity appearsd greater at lower
tesperatures.,

The treatability of the three soils studied was comparable to that of a
Nissoury soil sample studied previously in the first trial/demonstration
burn of the EPA NIS. The influence of treatment time and temparature on
removal efficiency was very similar,

Chemical and physical changes occurred in each of the three so0ils

_ studied, depending on their coxposition. None of these changes were

determined to pose a serfous operational difficulty, such as slagging.
However, the Jl sotl showed substantial weight loss, presumably accome
panfed by the generation of carbon dioxide, and consumption of heat as a
result of calcination.

Entrainment of soil particles was determined to represeat a potential
operating difficulty 1f high sofl feed rates and high excess air are

-used. The amount of entrainment is dependent on soil type and

corresponding particle size distribution.
Based on computer simulation, heat transfer rates in the kiln should not

limit the NIS capacity to treat contaminated soil for any of the three
soils 1f aoisture content {s below about 20 percent. Other physical

17




attributes of the MIS, including SC. burner feed rates, soil feed
system, kiln loading, and operating protocol, such as using high excess
air, represent kiln capacity limitations. Soil processing rates of 3500
to 4000 pounds per hour should be realized, even with highly con-
taminated soil at these sites.
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SECTION VIII
RECOMMENDATIONS

To validate the heat transfer and heat and material balance computer
simulations used in this study, a thorough review and interpretation of all
available operating data from the recent MIS trial/demonstration burns
should be performed. In addition, appropriate additions in data
collection/instrumentation, particularly accurate measurement of solids tem-
perature in the kiln, would provide a sounder data base for this validation.
This would enable better predictions of operating capabilities when con-
sidering the variety of applications and operating conditions which could be
involved in soil decontamination efforts.

Additional studies should be carried out to better define particulate
entrainment from soils processed by the MIS (or other kiln systems).
Preliminary review of pertinent theory and avajlable data provides justifi-
cation and a basis for comprehensive evaluation of this important process
aspect.
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Annex 1

BATTELLE METHODS EMPLOYED IN THE
PHYSICAL-CHEMICAL ANALYSES OF JI,
EGLIN, AND NCBC SOILS

STANDARD OPERATING PROCEDURE FOR DETERMINATION OF SOIL ORGANIC
MATTER

STANDARD OPERATING PROCEDURE FOR DETERMINATION OF SOIL PH

STANDARD OPERATING PROCEDURE FOR DETERMINATION OF ELECTRICAL
CONDUCTIVITY IN SOILS

STANDARD OPERATING PROCEDURE FOR DETERMINATION OF SOIL SURFACE AREA

STANDARD OPERATING PROCEDURE FOR PARTICLE SIZE ANALYSIS OF SOILS

STANDARD OPERATING PROCEDURE FOR DETERMINATION OF SOIL CATION
EXCHANGE CAPABILITY

METHOD FOR DETERMINATION OF TOTAL SOULVENT-EXTRACTABLE CONTENT OF
SOILS AND SEDIMENTS
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STANGARD QOPERATING PROCIDURE FOR
QETERMINATION OF SOIL ORGANIC MATTER

1.0 Scope

This ssthod dstacss the erganic matter comtant of sails Based on tne
oxtdation of organic cardon by potassium dichromata., A colorimetric detaraine
acion of the C~3* fon produced i3 used to detarmine the organic matsar
present based on the compacisons with standard sofls of kaown arganic cattar.
8y adjusting tha retics of redgents and soil, the organic matsar contant of 4

wide varfety of salls can be determined by thig methad (Schulte, 1380; Vatsan,
l978), -

2.0 Susmarv of Method

Saoils of knowm organic mtter contant and test 30113 ire treated
with potagsium dichremate and sulfuric acid to axidize organie carton. Aftar
traataent with barfum chloride, all solutions sre allowed %0 stand ovemignt,
The absordance for each sofusion {3 read at 611 nm on & spectrophotomster ind
orqanic mttar {3 datarained from the standard Qirve.

3.0 Intapferences

Chiorides 1n soils can reducs Cr072=, leading to Cr3* and
thus unresitsrically high results. Ferrous iron can also lead to unrealise
tically high rasults. Ouring air dryfng of soils, however, Fed® {3 oxidizad
to Fed*, minimizing the intarferenca clused by Fel*, Oxides of Hn can
oxidiza soil organic muttar, giving unrealistically low results. These
{aterferences are not usually sarious {Schulte, 1580),

4,0 Acoaritus

4.1 Colarimetar. A high quality soeczropnotometar cipable of
ssasuring absordance at 611 nm, for detacsing the presence af Ce3*.
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4.2 _Flasks, 125 ml Zrignmeyer flasks acid washed, for mixing got!
and reagents.

¢.3 Balance, A topeloading balancs for weighing sof! o the
nearest 0.01q.

4.4 _Stir Rods, Glass siirring rod, for mixing the sofl and
resgents.

4.5 Pisectes. Glass wolumataric pipetias of 10.0 and 20.0 al
capacity.

4.8 Araduated eylinder. 100 m! capacity graduated cylindee, for
adding 8aC12 salution to sofls,

5.0 Aeagents
§;1 W potsazium dichromea, Ofssolve 98.07¢ XzCr20y per

1.0 1 Sarmstaad vater.

5,2 Concentryeed gulfurie acid (968 Ha804)
5.3 _0.8% (w/v) bartum chioride, Ofssolve § ¢ 8aClz 1a 1.0 1

Jarnstead watar.

§.4 JQrqanic seeter standard, A sofl ef knam erganic mtter

content, from which various wefghts are Saken to prepers the standard curva.

8,0 c,umg an

Caltbration for this procedurs, uside from routine calidrstion of
balances, {nvolves carerul preparation of the standard curve. Using the
standard so011, weigh out 0, 0.5, 1.0, 1.5, 2.0, and 2.5 ¢ portions into
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4,2 Flasks, 125 ml Zrienmeyer flasks aci¢ washeq, for mixing sofl

4.3 Salancs., A top-icading balance for weigning soil 2o <he
nearest 000100

4,4 Stir Rods. Glass stirming rod, for mixing the sotl &nd
reagents.

4.5 Piperses. Glass volumeteric pipetses of 10.0 and 20.0 al
capacity.

4.8 Genduated cylinder, 100 ml capacity gradudted cylinger, for
adding 3aClz solution to sofls.

5.0 Resgants

5.1 N ootassium dichremara. Ofs3olve 98.07g Xzlr20y per
1.0 1 Sarnstaed wacer.

5.2 Cancantrated sulfurie acid /98% M2804)

5.3 _0.5% (w/v) barium enlorida. Ofssolve § ¢ 3aC1p 1n 101
Sarnsread vatar.

5.4 _0Orqanic maczer standard, A sofl of known organtc mat<er
cantent, from which various weignts are taken 20 prepire the standard curve.

8.0 Calibracion
Calibratton for ohnis procedurs, 13ide frem routine calibration of

balances, {nvolves careful preparation of che standard curve, Using She
standard sofl, weign out 0, 0.5, 1.0, 1.5, 2.0, and 2.5 ¢ portions {nto
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seoarate 125 ml Srilenmeyer flasxs nat have been acid wasned. Handle the
s3ancards exactly as described balow in Seezion 7.0, Procadures.

7,0 P=acadures

deigh 1.0g of aireary, 2 am mesh steved soil into a 125 mi
Srlenmayer flask. Depending on the organic mattar content, She amount of sotl
2ay have to de reduced. For soils expected to contain greatar than 10%
organic mattar, tut wnich are not truly organic sofls, use a 0.5 g sample.
For an organic soil, usa ¢ 0.1 g portion. To eacn flask (standards and sam-
ples), add 10 ml of 2N KxCra07 and swirl 20 @ix. Then agd 20 al concen-
trated HpSO4 and swirl t2 mix well. Lssve eacn flask undisturted for 6
ainutes. Next, tn the sass saquance as the acid was added, add to eacn flask
100 =l of 0.5% BaCly s0lucion. Leave the flasks undisturded overnignt. Set
the spectropnotometer to 611 nm, the siit width %5 2.0 am, She lasp switches
ta vigible, and the mde %0 absordance. Turn on the spectroohotometer, allow
suffictent time for warm~up (approximmtaly 2 hours), and deteryine the absord-
anca of each solution at 81 nm, ingluding all standards, Dlanks, snd samples.

3.0 Calculations

Plgt the standard cirve o1 graph paper or vig linear regression a3
parcant organic MTer versus sdsordance at S11 nm.  From the sv3ordance of
the sasoles, She carresoonding parcant grganic agter can de deterwinad from
the s2andard curve.

3.0 Rofgrcneg:

Scauite, E.E,, 1980, Recossended soi! organic ratser tase, pp 28+31. Int
Recommnded Chemical Sofl Tes: Procedures for the Norch Central Region, Nortny
Cencral Ragional Publication No. 221 (Revised). MNoreh Oakata Centrsl Agricule
tural Sxperiment Station, North Qakoty Stace Universisy, Fargo, Norsh dakeota,

daeson, M.Z, 1978, Soil sasting drocedures, Researcn Extansion Analyticat

'anomary. Ohfo Agricuitursl Resesrzy ana Jevelopment Center, Wogstar, Ohia
20,
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STANDARD OPERATING AROCIDURE FUR
CETEANINATION OF SOIL pH

1.9 Scane

Sofl pH 13 a =sasure of the hydrogan {on cancantrasion in e soil
solution. This mathed dataraines 3017 salucion pi when so0ils are aized in 2
111 =aeio (weignet:valums) with wasar. [t has deen r~ecommencad a3 3 standare
mthad for the datarsimasion of sof! ai by the Norzh Central Region Sofl
Tessing Commiztgs, which includes represantatives from Alaska, [1linets,
{ndtana, I[owa, Xansas, Mietigan, Minnascts, Missouri, Nedriska, MNorch Qakota,
Onio, Panmuylvants, South Oakoes, and Wiscamsia (Mclaaa, 1980),

;._0 Summary aof Mathod

A 1011 galutton {3 made by wixing equasl sarss of s0f) and d1a811le
water. Tha hydrogen 108 concsncration s detarained dy using & glass
indicating slecorode Jatred with o calomel sqference elecsmada. The cosdinae
tion elecsrode {5 4tlached S0 o DR metyr ind the ynit 3 calidrated with
sSancartized Mffer tolustons prioe S0 use. PN of She sofl saluCion s
wsasursd ) Ne nssrest 0.0 HN unis,

1,0 [neerrorences

Sofl a8 measurements cin he influsnced 3y & number of fecsors,
depending ugon 30t! type and tnsivicual carcteristics. The ute of 2
standard protacal that has deen used On amny &f Pfarent sofl Synes, tuch as tha
standard awthod descided here, Tinfailes {aterferencas.

3.3 Aoparatys

4,1 34 serar, & high quaifty i seter, such as 2 aigical aisplay
{an anaiyzer/ph mater.
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8,2 Slectiroges. & zamoination glass tagicating ang caleme!
referenca eleciroae for sansing hwdrogan 1on activiey,

3,3 3alance. A =up-loading digizal display balance accuriza o3
0.01 g for wetghing sail.

4,4 Jeaker. A beskar of poroximately 30 ml capacity.

4.8 Stirming apoarstus. A magnetic stir place wish stir bar for
the constant mixing of sail and watar wnile datermining pH.

8.5 _Ploerte, A pipette of 10.0 ol capacity.

5.0 Reacenzs

5.1 Dtst1lled or Bsrnstead water, Requirsd 30 form 2 sotlvacer
slurry,

5:2_Standard buffers, Commercially standardized Suffer of od 4,0
and 7.0, for stancardizing She oN aetsr and electrods.

6.0 _Caltbegeton

Priar to detarmintag sofl pN, the pH owter st Se standardized.
Using the pK 7.0 ssandard Suffer in 4 sm!i! beaker, adjust the digital dfsplay
t3 read 7.0 by turning the calibratton knod and watle conszantly stirring 3he
basker. Return the funciion knod t3 standdy, remove the eleccrode from She oH
7.0 wffer, vash the electrode with d1sti)led water, and subserge the elec-
trode 1a conslumtly swirled oH 4,0 standard duffer. [f the mter does not
read 3H 4.0, use the tecoarature CoRDANIAZOr 10D 20 aChieve & reading af pH
4.0, wash the electrode as before, and s2andardize again with oM 1.0 buffer.
Aesest the staacardizition orocacure until the Two *23GINGS dre cansistent.
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7.0 Seacacure

Wetgn 10.0 g of air-dry sfeved soi! (oassing a 2.00 mm scresn) into
2 soall hediter. Add 10.0 ol of qisc11led water, aix thorougnly with 3 glass
rog, and allow she slurry %0 ssand undisturded for 10 xinutes. S$Sir She 3ot
suspension again anc immediataly subsmrge ihe pH eieccrode wnile zontimuing 50
swirl the desker. Turn the funcsion tnod ‘rom gtandby %2 gH and ~aad 2he ph ‘
£0 She nearest 9.1 oH uait, Raturn che swison to s3anady, remove e
eleczroae, ane ringe i3 Shorgugnly wizh atssilled water,

3.0 Caleulastons
N0 calculations are ~aquired.
§.0 Refarances

Nelean, £.0, 1980, Recommanded oM and 1ime requtremst Ses2s, po. 54, In:
Agcomagnond Chemical Sofl Teat Procedures far the Noreh Cantral Ragion, Horsh
Central Regiana) Pydlicacton No, 22! (Qevised). Noreh Dasata Agricuicura!)
Expertegns S2a%ion, Morth Dakcsa State Untversity, Fargo, Norch Sanosa.

Aporoved by: _
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STANGARO QPERATING PROCIDURSE ~UR
CETERMIMATION OF ZLECTRICAL SONOUCTITITY [N SQILS

1.0 Scone

" This method f3 designad to dizersiag ™z siscsrical sonauctivity in
1 soileaater slurry, an fngdsgtten of Shx soluble 24lts comtant of tne sail,
The mstnud daser4ded Dalew iz wspiicanle o oast soils, faclusing these in ohe
Norah Cantrst dzaten (Alaska, 11iieais, Iadiena, iowa. hansas, Nicnigan,
Manssuis, Wizseurt, Naurasks, Ngetn Dakecs, Chid, Peansylvents, Sauth Qakera,
ard dizqesis. ] Proantessd prs sdaniad From ohe soll t&ting osrocadures used
35 the Ressared Ixtesmiion laziyttal Lavoratesy 5t the Qo Agricuitural
Raiearch and Jowyiogomnt Camter (M2taos, 1978),

Surmgry of Mets

2.3

A sail-watar tlyery (1:2 sotlivater ritia) i3 precared, ailowss &3
aguiTtbeate, fil5eree, and ploatead (455 4 Caltbrated conduesivity call
gonnacaed to & conductivity setar. Tha meter ¢iipiay 1% in cOnmuclenca andg ig
mitipitad 2y e call comtant 25 Fiw Ctamucsivity fn alcro= o
n 1 Hanes /cn,

3.0 lecerderynesy

TALLIAtE COMICRINGS PMeddiags gquife & very clean eanauCiivity
call, This can e sccompiisnad between readings oy SOrOUQN washinyg with
atestllad ar RBarastand vater, Periodtcally, she call should Se vashed with 3
salution castaining 130 al fscorveyl alcohol, 100 =i stsyl evner, 50 =i
‘concentratad HCY, and SO of S1an11lad vater, Far 385rage babwaen uses, b
cangucsivizy call saculd 5o soxiied 14 Jscusiesd sater,

4.0 Acperytus

8,3 Coasuetance avter. A nigh tuality digitai afsolay concuctance
setar, 0.g. & YS! Nodsl 32.
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7 3,2 Concuctivity cell. A conaucsivity call compatisle wish tne
canduetivity metar ind having 2 known cal’ canstant, suen as a YS! 340t

slatinized platinum - irtdium elecirode with & cell constant of K= 1.0/ca.

3.3 3alance. A <op-iocading digisal aisplay Salance accurata to
Q.31 ¢. for weigning soil.

) 4.41 Beakef. A 150 al ceaker for preparing the sof l-vatar slurry,

_ . 4.8 Funne! ang Filser Oiper. A glass or plastic funnel and f1lter
2aper- for f1ltering the sofl-watar soiution. o o

‘ A 5,3 Pigetsa. H‘atcu ar small gradua:nd: cylinder, for ddding 30 2l
water to 20g soil,

3,7 3tir ~aas. Glass stir rod, for mizing the sofl-estar sliuery,

8.9 Aesgencs

§.1 Dtytilled or 3araczaad water. Required 20 farm & $03 lewater

slurey,

5.3 Caltbeation

The YSI J40! nomtlucsivity zoll has & cell canssart of L.0/ca. !f the
cell 1s placed in 1 soluzton fn an yprighe menner, no carreciion of the 2all
gonssant 8 required. [f, however, the call 1s inverted and tha tasting
wolyeion s pipettad fato the cell, 3 correcsion fuctor nesds o da
caiayloted. To matarminv Ihe corracted call constant, !mzersc the cal) in
fooR Sesoarature tIp water, record Ide conductance, and wultiply hy zhe cel
conssant {l.0/¢x). Amive the call froe tha Sap witer, rlage with distilled
water, tovart the call, and seal She vent nale ia the el 2y wrappiag {2 in
28cafila, FI11 <o 2ell with the same Sap water used previously, recard the
conguctance, #nd suitiply By 1.0/cl to fat cancucsivity. Sudtract tha Swo
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conducsivity determinations, and divide the answer dy she seacone conducsivisy
geterwination. This *{nal answer {s the percmas variation of the 2al!l
constant and when acoed T2 1.0/cm 1s tne correctad call canstant. A1l sunse-
guent canductancs mepasurements are S0 bde multiplied oy the corrected cal’
ganstant 2o catermine the canducsivity. :

7.0 Pracagure

Weign 20,0 grams of afredry, 2nm mesn steved s3il invo 4 130 m
better. Add 0.0 ml distilled ar 3arastecc water, stir-thoraugnly with a
glass rud, and 3ilow the contents 2o stand undisturbed for 30 mirutes.
rezare 2 funnel and filtar paper (6.g.. Whatmn 1), Pour the supernatant
throegh ohe fitter funael, befng caraful non to disturd the settled foil in
the bottom ¢f the basker. After the f11ter nas dratnud, f411 a zalibrated
conductivity call with she ftitrata (or tamerss thy upright call in the
fiitrute if the volume of filsrata {s great snough <o subsarge She call), suen
the knod on the canductivity metar 2o the coaductancs mods, ddjust the range
switan unei] @ digital display {s oftained, and facord the coacuclange,

8.0 Calettationy

Myiedply the cumductance » “he wperopriate call canstant 0 cdtain
coaductivisy ta millte or wcromhos.

9.0 Refyresces

Watsen, N, 1978, Sotl Tasting Procecures, Resedren Extansion Analyzical
liabonew. Ghta Agricultyral Researzh snd Oevelopment Cantar, Woostae, ONtO
M.
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STANDARD UPSRATING PROCZDURE *5R
JETZRMINATION OF SOIL SURFACZ 4REA

1.3 Scooe

This method datermines She specific surface arma 97 tofls sasad on
tae adsorption by s0f1 particles of ¢ monolayer of ethyiene glyeal monqegayi
ether (EGME). Adsorpzien i3 based on 2n eguilibratian 37 SGME and sof!
sarcicles fallowed By vacuum desicsazion of unsarded S3ME, Previcus stucdias
in the 301! sciencs communisy hawe snown shat <he methed is awplicanle o3
widely different sail types (Cartar et. al., 1965; Meilman, 2. al., 1943;
Clhacak and 3resner, 1979).

2.0 Sumsery of Methaed

Alr=dried steved 2311 s sixed with reagent gide SGHE and
equilidrased for 1 hour. The samole is then vacuums castccated 32 canssant
waiont over dmsiccamt. Surfaca arws ts calculacad dy afviding he grime of
adsoroate retained gar gram of sof) oy 0.000298 g/ad, which is the wetgne of
ESE required S0 form a mmoltysr over Lz8 surfaca ares.

.0 !ngﬂcmcu

Thare are no inferencas cascrided {n She ‘iteriture usting nis
srocasure,

4,0 _Apoarseus

4,1 Balance, An elecsronic (d1gital read aut) 2alance accurate 9
0.01 g Tor waighing 30f! samnles prior 3o the addicion of Z3ME, and 4 Zalance
accurste €2 0,001 g for vaighing casiccated soils,

4,2 Welening Jang, Shallow alusmiqum weignisg 3ins for
wutlitrasing sot! ang IS,
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4.3 Dagiccator. A vacyum desiczator plus de:siecant and vacuum Jum
for drying soils.

4.4 DOdperses, Glass or plastic pipetses 23padle of delivering J al
of S5ME,

4.8 Safl sieve. A sofl steva with & ocesh cpening of 2.00 mm for
sieving air=dry scil,

5.0 Reagents
5.1 Eshviene glveal mongethyl ether (2.ethoxvethanol), Reagent

grade IGME for sording to soil surfaces; approximately 3.0 ml pes soil sasple.

8.2 Calcium sulfate. Several hundred grass of CaSOg (dririze) as
A desiccant for drring EGNE-aquiliDratad sofl samples.

8.0 Calibration

T™he calibraticn procedures fnvolved fn this mthod tnclude those
assactiated with dalances. Thesa are performed O 3 periodis Sasts by the 8CL
{ngerumgnt laborstory.

7.0 Procedure

Alr=gry the gofl. Siewe the sir-dried soll 20 pass a 2.00 s smsh
screen, Obtain zare welghts of Srplicace ladalled slusimm walghing pans
hat were flaced overniget in a desiccator contataing CaSOq desiceant,
Velghts should be obtatned to 2he nssrest Q.00 g. To each of the tared
tripifcace waigning pans add L.l g of atr-dry siavad 3011, using the
to-icedtng elecsronic dalance (accurate to 0.01g). Place the dans of sot!
1n%o 2 asstccator comeaining CaS0q, evacuats the cesicsator for 45 simutma
wilh § vatuun Jumd and shut of f the vacuun lines 2o meistain the vacuum in he
desiczator. After st leass ! hour, weigh the 2ans of soil, evacuate he
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dasiccatar again for 45 minuces, and weign again at least 1| asur latar,
Continue this procadure until & constant weignt is obtained (to nearest
0.00% gJ.

Aftar constant weignt has been optiined, add 3.0 mi of reagent grage
$5€ to each 2an of sofl to form a slurry. After 1 hour of equilibration 3f
the slurry, placa the pans of 011 in the desiczator and avacuate for
45 minytes. After mintaining the vacuum for an additional hour, obtain
weights (to the nearest 0.001 g) for sach san, place the pans dack into zne
dasiceatar, evacuate for 45 minutas, and allow the pans %o sit overntgnt unger
vacuum desiczation. Wefgh the pams igain, evacuate the desigaator for
45 minytes, and reweigh one hour latar. Contimue this pracedure until 4
constant weignt {4 obtained. Aecord a1l weignts {n {nx in the ladoratory
record hook,

8.0 Calculacions

For aacn pan, calculate the :atal surface area (T32) by dtvicing he
gram of EGHE adsorded per gram of sof! Yy 0.000286g/mé, she Oyal-Hendricks
value for the weight of [GE required 20 form 2 30n0layer on i surface area of
R, That s, -

2.
TSA © 75000236 3721 (b « ]

whare: a = waight ¢f dasfceated sotl, SGME, and pan;
b o watght of desiccated soil and Jan;
€  tire vaight of pan.

9.0 References

Carzer, D.L, M.D. Hellman, and C.L. Gonzalex. 1965, fthylene glycol moncethy!
tzgi;szcgwuumﬂug SUPP3Ce ares of stlicata Minserals. Soil Sei.
l H -, .

Nelimen, M.J., 0.L. Carzer, and C.L. Gonzales, 1965. The ethylene jiyca!

mnoethy! ather (SOE) technique for catermining sof 1-surface ares. ot Sct.
100:409-413,
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Cthacak, L.v., anc J.N. 3remer, 1879, A simlifiea eshylene glycol moncetay!

etner pracadure for assessment of sofl surfaca arsd. 361l 3ci. Soc. Am. J.
43:821.322,
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STANDARD OPSRATING PROCIDURE FOR
PARTICLE SIZ ARALYSIS OF SOILS

1.8 Seane

This mechod cascrides a standard vay 3 decarmine She Jaricle sizs
ststribution fn 39115, [t is adapted from an ASTM procacure (ASTM, 1972;
ASTN, 1978) and s widely applicadle to sotfls.

5.0 Surmary of Nethod

Alr=dry soll {3 amalyzad for parsicle size discridution Sased on
sieving (for those particles larger 2han 7% um) or By @ sedtmantacion precass
(those parcicles pasxing the 79 ud steve), A hydrowetar (s used tn She
sedfemntaica srocaturs.

3.0 lncerferences

%ot spltcanle.
4,0 Agoaratus

4.1 3lancs. A salance samfetve to 0.01 ¢ far weigning the
matarie! passing & 79 uu steve ind for wigning the satarial metatned on
1argar siaves.

$:2_ Norear sng Pegnle. A carumic morRar and pestle for Sreaking up
targar sat! ¢lusps.

$.3 lNvdroweter. Ad ASTM hydremster, gracuase# 0 read tn etzner
speci fic gravity of ne suspansien or srams Jer itar af suscensica.

1.4 Secimentazion Cylinder. A glass 1000 al graduatad cyifndae,
for parforwing ssdimentstion analiyses.
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4,5 Thermometsr. A shermumeter sczurate 0 1°F (0.5%).

4.8 Sot! Sleves. A sarmes of sieves, of SQUArS-RESR wawnewire
clogh, as follows:

No, ¢ 4,75 mm
ta. 10 2.00 m
Mo, 20 850 um
Mo, 40 435 ua
No., 60 50 v

¥o, 140 106 um
%0. 200 15 ua

4.7 lesker. A bedker of 250 &l capacivy.

4.8 Timinc Davien. A wateh or ¢lock wish a 14O Mand.

3.9 Clectrig Stirming Aupargtug. A nigh=1paed alectric stirting
device, Juch as & ‘wili shake astrees,*

8.0 lnmnu

5,1 0tsparytag Ageat, A solution of sostus Murssscacrosshate,
frashly prepared by €iasoiviag 30 g of sodfum hexametadhosphate per 1.0 litar
of Barvatasd water,

6.0 Caltdragicn

The hydromgter thould da calidrated 1a distilled water 244 ta 2
solution containting sodiua hexasutaphosphate. 3ring 3 1000 ot glass graduated
ylinder to volume with 3arvezesd water. 79 anceher 1000 @l glass gracduated
Sylfader add 128 ml of 3 tolution of todiym Rexisetiphospnats (40 ¢/1) ang
ering to woiusn with Sarnstesd watar, with constant afxing. Aftar assuring
that the cylinders of liQuid are st room tesperature {e.§. 22°C), 208 the

100




Z2F D-i2-1

July 12, 1984

hydrametar %0 the cylincer containing watar ind record 2ne value a3 read at
she 230 of 2ne maniscus. ldeally this should de 0. Naxt, aut the aydrameter
in tne cylinder containing the socium hexametiaohospnate s¢iution ang recars
the reading it he 20p of <he meniscys. The differsnca detween the reagings
is called the composite correction f3CI0r 2ad 15 S0 de used ia the calaula-
tions (Sectton 3.0).

7.0 Procacure

Spread tne soil sample 1n an exhaust hood so <hat 1t will alredry,
dhen the soil 13 atredry cad can de ground in 8 aorZar and pastie, Siz the
samle tharoughly to assure uaiformity, qently grind tha sofl in he mortar
and pgestle until sof! particles are broken uo (do not ¢ring 301l and gravel
sarcicles £0 a fine powder), and mix the semple again. Wetgr sriplicate
porttons (adout 5.0 g), ovanedry them (105°C for 2¢ hours) and re-waich tham
ta detarming moisture concens. Usiag steves No. 4 and 10, separate the soi!
samle 14t0 thren fracticas: greacar than 4,75 sm dlameter, less then 4.75 am
Mt graster than 3.00 mm dlamter, and less than 2.00 am diaseeer. Racord he
weignts of a1l size fracsioas. The results coastitute tha portion grester
than 2.00 am dfamtar,

The portion passing 3ha 2.00 mm sfgve i3 20 Do “racticnated furiser.
Agd 50 g of the lass 2han 2.00 e stradry sofl {or more accucately, sotfl of
kaom motsture content), %o a 250 ai Sesker. Cover the 1011 wizh 125 ol of
sodium hexamezaphospaate solution (40 g/1) ang s2ir untt) the 1ail {3
shorougnly wet. Allow Chy miztury 30 812 at room SesDarsture for gt leas: 16
m".

At e ond of the soaking gerfod, disDerse the sotl fuerder by
seirring for and ol mete with 4 Righ speed electric *stlt shake stireer.®
limegi ataly trensfer tha tofl-watar slurry to & glass 1000 e} graduate
cylindar and Sring =0 wolume vith Barritead vacer. Cover thy cyllader with
parafile {2 layers) and regastedly favers and upright the cylinder for |
strmte. Ouring this atxing, make suee 2!l 301l is baing Jiscarise ind that
aone satties 1n the oylinder, Aftar the ! simte sertcd, place the cylincer
on 2 lewel, sturgy surtace at room tamperature, Aecard the time of say and
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sfter 2, 3, 15, 30, 62, 250, and 1440 minutes, use an ASTM-sooroved hydrometer
23 obtain & seafmentation reading. Aporoximgaly 20 <0 28 secoacs sefore o
reading 15 cone, carsfully inser: the nyarﬁ.ue_ar iato the Jylinder. Resd She
hydromatar 4t he 236 of the mentscus formed by he susdension arcqund the st
of the hydromater ana immediately resove the Rydromstar ‘ris the cylincer.

Afear the final nycrometar reading i3 saiss, i.e. 2t 1440 etnutas,
Sour tha suspansisn onto & 7S .a sieve (No. 200), wash the sieve with water
until She =asn watar i3 clear, tramsfer the Sagerial %o & suitaole cartainer
Such a3 & daskar, and dry 1n 20 oven at 105°C cverntgnt. Afssr the ovens
drying 13 completa, frocstonata 2ne dried matarial oa the following sieves:
Yo. 20, 40, 60, 140, and the bot2dm pan, weighing She porsion retained By
sach.

8.0 Calculatians

The sotsture conteat of the ortgingl soil sample 13 calculated s

Aegu ity CIn 08 ERDMSIES &3 Hercartage wolsture dy eitiplytag v 100,
Calculate the partton greater than 4.75 am (A), oatween 3.75 mm an0
2.00 s (B), and Yess than 2.00 s (C), a3 follows:

The percentage (P) of 1011 resmiaing tn suspeastion 4t the level at
waich tha Nydromster mpasutes (., Jensity of the suspessien g calculated a8
follows: '

v-[x- ?;L)]nmo

102




£2F 0-1241
July 17, 1984

wpres
f « dydrometar reading ainug the corosise carrection,

3 ® a2 carmecsion factor for the oocel of hydrometar ysed, ang in
a0st cases oguals 1.00 far & spacific gravicy of 2,85 for sotl,

¥ = gwnedry mass of soil dispersed in the hydrometer test

The dtamater (D) of he particles sorresponatag $0 he um«un fneizgtee Oy
¢ given hydromater resding i calculatac as foliows:

0ex (LR

where:

E » 3 cNSSINt thAt 13 dependent on teemerature 4nd spectfic
§-mty. At 22% ang .83 spectfic gravity, the valye of ¥ {5

3&1&3& Geher wiluss can ¢ obiztead from Yadle 3 ¢r AR,
51

L o distance from She surface of She sustention 3o ihe levei e
: wRiCh thE denatty Of e sutpansion 1S Jasufed, fa ony s

vaiug {3 known 33 She of fect{ws Sedth and requirss t:m usa of
Tsole T 1» ASTH, 1972,

T o+ tatarwal of ttem from begiantng of sediountition t9 the taking
of e readiog: in mia, :

ASTN, 1972 Standard sethod far parsicle-gtze analysts of soils, ASTN
EYCZILN mmman 0.5,

ASTH, 1978, Standard method for dry presarsStoa of 3ol szeoles for

a#icimi:n mﬂr.m and Setersnition of sofl oAglaAts. ASTN J421-83,
MQ"M. bb. .
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STANDARD QPERATING PROCISURE 73R
JETERMINATION OF SOIL CATIGH
SXCHANGE CAPACITY

1.0 Seosoe

This mpthod is designed =3 datarmine ihe cation exchange cagacisy in
safls, waich incicatas the cacacity of soils to ding imgortant plant
meients, [T 13 dasea on Che disolacament feom eachinge sites of nutrient
cicions such as Ca, ¥, and Mg, with an extracsing cation, The extracting
cation 13 then aisplacac and analyzad tn the leachats. Althoush savera!
different czziong can be employed 0 disolace the sofl cations, the cxtion of
chotes should e low in the 3ol to prevent low CSC detarminazions. There=
fore, dmmanium 15 used 223t widely and i3 emlcyed in his procadure.

2.0 Susmary of Method

Ammontum dcatase s icdad to 4 known quantity of sail 2o Both
displace the bound cations and t3 satureta the exchange sites. An ethanc!
solution 13 used S0 wash e gtafl, followed by She diszlacesens of NH¢*
fons bty KE1, The displaced NN¢™ fons are amaiy2ed using an immonium -
ton=gpecific elecsroda, and the cancemtratiocn of amsnium fons in the leacnate
13 proporiionsl 30 the K° 1ons Bound to the 301l and Chug to the CEC.

3.0 Imearferences

To provide acoursts CIC detsrmtnation the disslacing fom should not
De presant in RIgh concantrativas in the soll. I[a addition, monavelent tong
Reve proven t0 give less verisdle results than divalent displacing cacions,
sych ag cilcfua or monesium,

4.0 Apoaraets

4.1 Balancs. A tcoe-loading digital display alectronic 2alanca, or
similar alancs o0 equal acziracy, for wetgning sofls 3o the nesres: 0.0 3.
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3,2_Shacer. A snaker zaganle of holding 2 125 al Irlemeyer flask,
S5 provida sans2ant shakd ng for 1 hour,

4,3 mzo; Flesk and Funnel, A 250 i Mlter flask with & Sychner

funnel, for washing the sail sarmple, .

3.4 Filter Paper. dhavsgn aumer O3 filtar paner (or yimilar
paper) shat f123 she Suchner funnel, for washing the toil.

4.5 Volumeerie Flasks. A 100 al valumtric flask, far dJusting ¢a
M
volume the displaces NH¢* soluzion, and 1.0 1 and 500 ml volymtric flagks
for preparing rerganes.

A6 {um {on fiz alecsrads, An Orisn smmonius
fonwspact fic aleczrode and aigital diaplay pH/willivols meter such as aa Orton
- 8QLA, '

5.9 nﬂms
5.1 _Jwmonium scetazs. One solar solution, mde W dissolving
77.1 g wmonfum scetate in 3 Sota) of 1.0 1ter of Barastead water in &

wivmeeric flask, Adjust <o od 7.0,ug1nq glactal acetic acid angd a
sTandar¢ized pi mater,

§.2 Iagysteal Algshal, Hix 60 ol denatured eshano! with 40 &)

larnstead witar,

3.3 Potassive Chioriae, A 33 lution, predared by aissol viag

0.0 g XCY in g tatal of 1.0 1 Sarnstaad water.

8,0 Calibrasion

Caltdration for tniy sroceaure includes %he presaration of a
Stsndard curw for the ssssonium ion=gpecific elecirode. 7o presare the

106




EZF Duliel
July 17, 1984

standard curve, first presare standard solutions cantaiaing o, 10, 100, ana
1000 ppm HH4Cl from the 0.1 M NHgCl Orion standard. Add 33.3 =t of ne

Orion standard ¢o0 1 500 al volumetric flask and bring to volume with darnstead
water, %o give 2 1000 ppam NHg* standard. Add 50.0 a1 of the 1000 ppm
sTandard to 2 500 a1 volumetric flask and bring t0 volume with Barmstsac
water, %2 give & 100 pom standard solution, Ada $0.0 ml of the 100 pom
ssandard to 3 SO0 =l volumetric flask and being =3 volume, giving @ iC ppa
standard. Prepare the 1.0 ppm sTandard by adding 50.0 sl of the 10 ppm
standard to 2 500 @l volumetric flask and deinging to volume.

Sefore determining the standard curve, check the slectirode slope i3
fol* vs. Mix 100 al Barnstead watar and 1.0 ml of 10 M NaQH salution (Orion
standard) in & 150 ml besker. Turn the function switeh on the mode! 501A
pH/s¥ sater to relative mi1livolt, place the elacirode in the beaker, and stic
the beaker constantly with a sagnezic ssir bir, Now pipet 1.0 sl of 1000 ppm
standsrd Intu the “edier and adjust the reading 20 000,0 with the calibration
knob., Ner~, add 10.0 sl of 1000 ppa standard into She desker. Carrest
eisctroda operaticn is indicatad by 4 reading of =37 ({3) av.

To pregi-e She 9andard curve, add approximately 7 &l of 1 pom
standard 2o 4 10 Al beskar, 3dd ¢ sxall mgratic stirring bar, and stir the
solusion constantly. Plac: the elecirods in the 30lytion, baing careful not
to trap bubbles uniur the electrode. Add 0.1 al (100 1) of 10 M NeON o the
dedker, $&% the funcaion Britch to re! av, and record the 21splay. Return tne
function switsh 20 stand-dy, resove the algctroda, rinse Shorsugnly wish
Sarmataad vater, and refeat THa DOV procediures for the remmintng standard
solutions. Pt the millivolt reading on the ordinate (Yinear axiy) agatnst
concantretion on tha abcisss (log axis) on semiloarithaic pacer.

The rtandard cirve thould De recalidrated eve'y 9xo hours during the
mslysis.

7.0 Procasue

A¢d 5.0 ¢ sir=drted, staved (<2.00 mm) sofl %o 4 .25 ml Erlentayer
flask, Add 125 al of LM ammonium acetats “nd shake She mixture f2r ) hour it
room Sempersturs. Using Whatamn 34 fiiter paper, reptatadly »asn the $0f!
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ynder vacyus filsration in & 3uchner “unnel with portions of inaustrial
sthane! solution. Use at least 100 ml of she ethanol soluzion and rejec: all
washings. Laach the soil with smal) (20-30 x1) porcions of 52 KC! uneil a
satal of 100 a1 (1n a volumetric flask) has been collected. Oetarwine the
NHg*<d concancration 1n the leacnate using the ammnium ignegpecific
elecsroge a3 descridbed eirlier for the preparition of tne stancard curve.

8.0 Calc_uht1ons

CEC should be expressed as oilliequivalents per 100 g of ary soil.
The conversion from ppm { g/ml) NHg*N as detarmined with the ammonium
elacsrode to CEC s as follows:

CEC (maa/100 g) = Gl

where:
A = ppm NHe*-4 from She sandard cCurve, and
§ = misture concent of the soil, exoressed a3 3 decimml fraciion
rither than percant.
The darivation for this formila 13 a3 follows:

CEC (expressed {n meq/g dry sotl) e

(ug/mt NMq®-¥)(100 a! leachate)(l mg/1000 ug)
(8 ¢ atredry 2011} {1-u0tsture caatent)(13 my/neq)

5.0 Referwncys

Allen, S. €., M. N. Grimshow, J. A, Parkingen, and C. Quarmdy. 1974,
Chemical Analysis of Ecological Materials. Wiley and Son, New York. 365 3p.
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METHQD FOR JETIAMINATION CF TOTAL SCLVENT-EXTRACTASLE
CONTENT CF SOILS AND SEDIMENTS

Seaze

1.1 This mthod cavers ine extraction ana quantification of
the :ata! solvent-extractinle cantant of s0ils ang sadfments at
concentrations abave 10 ug/s.

1.2 The setnog s suitanle for the extraction of st phangls,
anilines, and neutral samivolacile organic commcunas.

1.3 Low dofling grganic camonents are 10t by evaporation and
are nat included in She 23tal solvent-axsracsable gontant.

Susmary of Meshed

2.1 The wat or ¢ry soll or sadiment sample it mizad with 2Quedus
sodium chloride/potassium dihydrogen phosphate wd equilibratad
with sathy! teri-tity! ether (MTRE). The NTBE extract is dried
od concantratad. The concantritad extrag: s filtered t0 remove
ay parsiculate satardial. The solvent is evasorated frem o
porston of the concsntrited eaSract ana the residue weight i3
daterained.

Josapisrences

3.1 Relatively large wmounts of extractadle cosconents bofling
delow 200 will maka 18 difficylt io obtats regreducidle restdue
watghts. Aslatively large amounts of extractable high moleculer
waight polymeric material say intarfer with the filzratice of the
cancantritad extract.

Kot

4.1 Sepyratory Fysnel = 100-m with Teflon siapcock.

4.2 Xyggengedanigh doparatus — ZS-al concantrator tube f1t3ad with
4 wicrgeSnyder colum.,

4.3 Velghing 0igh « approximately 2.c3 dissater sluminum foil.

4.4 Swringy ~ 2«8 gas-tignt with Teflon Luer Lock.
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4.8 Flltar Assemoly <= 25.mm disposisle, with Millipore MillexeSR,
j 0.5 um PTFE memorana filtar,
4.5 Boiling Chins -- ipproximataly 10-40 mesh cardorundum.
I ‘ 4.7 datar %ath -- heated, cazanie of temperature concrol of + 2°C.
The bath should de used in & hood.
4.3 Microbalanes - capable of accurately weighing to + 0.001 mg,
4.9 Rotary Mizgr == capadie of rotating a S-o: samle dottle
nd-gver-and at wproxizately 0 rom,
S. Rasgems
5.1 Salt Solution - Dissolve 300 g of NaCl and 20 g of
Ky P, 1a 800 st of water and dilute to one liter with
water.

$.2 Methy! tartoButyl Sther (MTRE) mszmed-in-glu: grade.
E 5.2 Maghetium Sulfate — Anhydrous powder.
§.4 Corn 011 $tandard, hich level <~ Ofssolve 500 ag of corn of!
) fa 80 sl of MTBE and dilute %o 100 sL with MTBE.
8.5 Corn Q11 Standard, low level « Oflyta 10 al of the Migh level
‘ carn of! standard 5 160 aL wish MTSE.
‘6. Quality Assurys
X Blank <o Oatermine the restdue weights (7.§) of triplicate
100 i alfquats of NTSE. An average value of 0.0 ¢ 10 ug should

b obtained.

' 6.2 Sorn Q1] Standards «« Datarmine the residue weights (7.5) of
tripiicate 100«4L alfquots of tha low level! covn oil standars ang
the high level corn ol standerd. Average values of 50 + 10 ug
@d 300 « 25 ug thould be cbtained for the low level and hign
level stamdards, respectively.

7. frocadury
7.1 Extrsction «- Add 30 mL of 0% NaC1/23 mpo,
md 30 of of NTRE t0 30 g of 2011 in a 6eo2 wide-meuth nottle
heving a Teflonelined scraw can. Tumnle the bottle end over end

Pu—
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7.3

1.4

1.5

7.8

for 16 hours. Weigh the zotile defore and after the wumbling
seriad 0 determine ny decredse in gross weignt ‘rom loss of
saivent. [f the gross weight has decressad by more than 0.5 g,
the samle st de discarded,

Phage Sesaration - Lt the sample stand %0 aliow the phases

%2 separata. Oecant the MTBE and water layers into & 100-mb
saseratory funnei and 4llow the phesas %o seoarite for 10
sinytas, Witharaw the squacus layer and disecard.

Orving < Transfer the MTEE extract %0 4 2-02 narrowemouth
Sottle having a Teflonelined screw ¢ap. Aad 2 g of anhyarous
magnesium sulfata, shake the sample vigorsugly for one sinuts,
and allow the saaple %o stand for at least § minutes.
Soncantrysion - Transfer 25 al of the clear extract to

& Kuderna=-dmish woeritus, ad two boiling chips, and
concentrate the extract 3o 0.5-0.3 sl fn 2 water dath at 80-30°C.
Flltratign « Transfer the concentratad extract to the derrsl

of 2 -8, syringe fitsad with § Mi1lipore Millax<R 0.5 um PTPE
mestreng filter. lnsert the Dlungsr of the syrings and express
the filtrate inta a l-ml volumetric flask. Rinse the X<0 tude
with 0,2 e, of NTBE, transfer the rinsa to Sha syringe and filter
the rinsa into the volumtric flask, Ofluts to volums By the
aditien of NTEE and mtx thoroughly.

Oezgrwingeion of Residye ueight - Transfer 100 ul of the
extract to an aluwinus weighing dish that has been tared o8 4
aicrobalasca: place the dish under & heat lamp 4t & distance of
§ on from Uu lamp for one winuts to allow tha solvent to
svacorate: trangfer the dish to the wicrobalancs; allow the dish
o equtlibrata for one winute; and, waigh %0 daterwine the
residua weight.
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35F 00841
wuly 17, 1384

swarate 125 xl Srienmayer flasks that have deen acid wasned. <andle Sne
standards exactiy as descrided Selow in Secston 7.0, Pracacures.

7.0 ?rucadures

deign 1.0g of air=dry, 2 o> mesn sieved sofl fnto 4 125 ai
Erlenmayer flask. Oepending on the crganic matsar content, ste asount of sgil
sy have %5 be reduced. Far 30113 exsecsed %0 cantain greatar Sham 103
organic mttar, tut which are not truly arganic soils, use a 0.5 3 samle.
For an ormnic soil, use 2 G.1 ¢ poreion. 7o each flask (acandards and same
ples), add 10 @l of 2 KalraQy and swirl 2o miz. Then add 20 al concen-
trated HaSh4 and swirl o2 ofx well. Ladve each flask undisturded for €0
simtas. Nexz, in the same sequance is the acid was added, acd to each flask
100 =1 of 0.5% 8aC12 solution. Laave the flasks undistursed overnignt, Set
the spectrophotometar to 611 am, the 8112 width 23 2.0 am, She lamp caitches
ts vigidle, and the mode to sdsordanca. Turn on She spectrconctometaer, allow
sufficient 2ime for warmeup (pproxioataly 2 hours), and detarzing the sbsoroe
ance of esch solution at 611 n=, Including A1l sSancards, dlanks, and sasples.

8.8 Caleulstions

Plot the standard curve on graph paper or via linear regression as
sercant organic mCter versus absordanca at Sl am,  From the ad3arsanca of
the saswles, the corrasponding percant arganic mtiar can de dwtermingd ‘rom
she sSandard curva.

3.0 Aetersnces

Scaulee, £.6., 1580, Aecomeendad 301! arganic mtsar tess, 00 2%«31. In:
Recommnded Chemical Safl Tast Procadures for the Nortn Central Region, North
Contral Regiomal Pybifcation No. 221 {Ravised). North Daxots Cemersl Agricule
turs! Expartaent Station, Norsh Daxota Stacs University, Fargo, Norsh Daxcta.

Useson, N.E. 1978, Sof) tesing procecures, lesedren Sxtansion Anmalyttcal

lisnmd. Ohio Agricultural Researcn and Oevelcoment Cantar, Wgosler, Ohig
[N

113




.y

Appraved by:

%é %‘ {_&2{ 225/5
ecs10n wr Ragresentaiive

M. Sarcar

gD desgeses 0777
. Mayer 7 "

114

. w D-
July 1




BATTELLE FINAL REPORT ON
PHYSICAL-CHEMICAL CHARACTERIZATION
OF UNCONTAMINATED SOILS FROM
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Final Report

on

Physical-Chemical Charactarization
of Soils

to

IT Enviroscience

INTRODUSTION

IT Enviroscience (IT) submittad three soil samples to Battalle's
Columbus Laboratories for salectsd physical and chemical characterization.
Tha analyses to be completed included pH, electrical conductivity, organic
mattar contant, cation exchange capacity, moisture contant, surfice ares,
ofl and gresse (solvent extractable) content, and particle size
distribution. This report presents the results of this project in tabular
and Srief descriptive form. '

Materidls and Hethods

The methods employed were the sime as those included in the
appendix of the previous Final Report to IT on project 3525-J-8687. All
anslyses were performed in duplicats with the exception of surface area,
in which five replicatas were used.
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Results and Discussion

Table 1 presents a comparison of the three IT soils and is largsly
salf-explanatory. Each charactaristic is discussed briefly below.

2

Sample IT 4543 was considerably more acidic than the other two
samples. Sampies IT 4540 and T 4589 aexhibited similar pH readings, even
though their shysical appearances were considerably different from cne
another. That is, while IT 4540 resembled a normal s¢il, sample IT 4568
resembled ;round limestone, which would be expected o axhibit & high pH."
The thrra pH values, however, are not atypical for widely dispersad safls,

Electrical Conductivity

Electrical conductivity {(EC) fs an indication of soluble salts
content. Samples [T 4540 and IT 4543 showed very low EC resdings coinpand
to samnle IT 4569. Nevartheless, all three soils are low in soluble salts
compared to truly saline soils (e.g., an EC greatsr than 10 aillimhos/cm).

Organic Mattsr

A1l thres soils were very low ia organic mattar content. Swplas‘
IT 4543 and IT 4569 were among the lowast we have mcasured. 4 typical
midwestarn agriculiura] sofls may have an organic matter contant of 4 to
7 pargent, while ruly organic soils, such as & Histosol in southern
Florida, may have organic matter contants of 50 percent or more.

Cation Exchange Cavacity

Cation e-change capesity (CEC) is a mmasure of the ability of a
3011 to bind {mportant nutrient cations, such a5 calcium, magnesium, and
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potassfum. A soil with a high CEC, e.q., 10 to 15 milliequivalents/100
J or more, generally is more fertile than soils exhibiting low CZls. The
[T sofls all showed icw CZ2Cs, with samples [T 4543 and IT 4569 showing
comparably low values. These results compare well with the organic mav:iasr
contants and {l1lustrata the influence of organic matter on C:C.

Motsture Content

The values for moisture content in Table 1 raflect the airadry
nzture of the samples as received. The main reason for detarmining the

moisture contant of the air-dry samples is to correct the results of various

~ analysas to reflect oven-dry weights of soil.
Surface Area

The suyrface areas of the three soils samnles are consideranly less
than the soil sample previously analyzed for IT. This is the result of
the relatively low proportion of clay in the threz samples most racently

‘analyzed (see Particle Size Distribuytion).-

041 and Grease (Solvent-extractable) (ontant

Sa:ple [T 4540, with an aversge solvent-extractable content of
1759 wmicrograms/g, was considerably higher in tota]l solvent-extractable
contant than the other two samples. The origin of the solvent extractable
contant, whather anthropoganic or natyral, is net indicated by the analysis
performed. Nevertheless, it {is 1likely that sample IT 4540 has been
subjectad to a level of anthropogenic input of oil and grease. Some other
analysis, such as gas chromatography-mass spectroscopy, would be required
to identify the mater{als making up the solvent extractable content.

Particle Size Jistribution

The results of thae particle size analysis are for the less-than-
2.00-mm fraction since the samples as recaived were 2ir-dry and sieved
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-y

to 2.00-mm or less. All three soils nhad fairly high contents of medium
and fine sands, and fairly low clay contents. Basad on these results, the
less-than-2.00-mm fraction of [T 4540, [T 4543, and IT 4589 are classified
as loamy sand, sand, and loamy sand t0 sandy loam, respactively. These
results also explain the relatively low values for CC, organic matier,

and surface areas, which are those parameters inTluenced considerably by
the extent of the clay-size fraction in a soil.

CONCLUSION
Although the <three sofls 1included in this study represent
non=contaminated background soils, the results of the physical-chemical

characterizavion should prove useful to !T for understanding the fats of
2,3,7, 8-tatrachlorodibenzodioxin in similar soils.
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BATTELLE DATA TABLE FOR
PHYSICAL-CREMICAL CHARACTERIZATION
OF CONTAMINATED SOILS FROM
JI, EGLIN, AND NCBC
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ALLIS-CHALMERS REPORT ON SMALL BATCH
KILN TEST SIEVE ANALYSIS AND BULK DENSITY
MEASUREMENTS OF JI, EGLIN, AND NCBC SOILS
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ALLT S-CHALMERS
PROCESS RESEARCH & TEST CENTER
9180 FIFTH AVENUE

SMALL BATCH KILN TEST AND COMPUTER STUDY
For

IT CORPORATION

Test Center Project No. 85-003

Charge No, 01-6712~52357

Date Performed: January 9-11, 1985
Date Reported: January 30, 1985

Reported By: K. K, Mak
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INTRODUCTION

In accordance with Subcontracting Agreement and Purchase Order No. 4-12-27-01
from IT Corporation, Allis-Chalmers Energy and Minerals Systems Company per-
formed a rotary kiln study for IT Corporation.

The objective of the study is to determine the behavior of contaminated soil
on pyrolysis, and the degree of exhaust dust carry over.

The study included small batch kiln tests using three uncontaminated soils
supplied by IT Corporation, and kiln heat transfer computer study.

The small batch kiln tests were performed at Allis-Chalmers Process Research &
Test Center during the period of January 9-11,1985. These tests were witnessed
by Mr, J. L. Fleming of IT Corporation.

CONCLUSION
Based on the small batch kiln test result, the following conclusions have been

obtained:

1, All three(3) soils (4761, 4760, 4768) did not show any signs of sticking,
slagging or balling when kiln gas temperature of 1038 °C was used.

2. Kiln exhaust gas dust increased with higher gas veloclty through kiln.

3. Material 4768 tend to slide in kiln instead of turning over bed moticn.

TESTWORK AND COMPUTER STUDY SUMMARY

Material Description

Three 5 gallon pails of uncontaminated soil were received at the Allis-Chalmers
Process Research & Test Center. They were opened at the presence of Mr. J. L.
Fleming.

Soil 4761 looked like a clay structure with a few occasional 2 or 3 inches

lumps. Soil 4760 looked like a sandy soil. Soil U768 looked like a sandy soil
with large amounts of embedded sea shells.

Moisture Content

The moisture content of the as received soils are shown below:

Soil 4761 6.5% Moisture
Soil 4760 1.2% Moisture
Soil 4768 6.4% Moisture
Soil 4768 5.0% Moisture (oven dried at

100 °C overnight)
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Small Batch Kiln Test

Eleven small batch kiln tests were performed and witnessed by Mr. J. L. Fleming
of IT Corporation. Total retention time for each heat was set at 60 minutes.
Kiln speed was 2.8 rpm and bed loading was around 7 percent. A summary of the
test conditions used in the batch kiln tests is tabulated below.

Heat Soil Feed Kiln Gas Total

No. Moisture Temp Gas Excess
Input 02

— s e SCRY_ %
1 4761 6.5 1038 32 10
2 4761 6.5 1038 45 10
3 4760 1.2 1038 32 10
h 4761 6.5 1038 100 10
5 4760 l.2 1038 66 10
6 4760 1.2 1038 100 10
7 4763 6.5 1038 66 10
8 4768 6.4 1038 32 10
] 4768 6.4 1038 66 10
10 4768 6.4 1038 100 10
11 4760 1.2 1038 25 10

Test results and observations are shown in Appendix A. Time~temperature curves
for each heat are shown in Appendix B,

Bulk Densities and Screen Analysis

The loose bulk densitics of the as received material and batch kiln products are
shown in Appendix C. The screen size structures of the as received soll and
product from the small batch kiln tests are summarized and shown in Appendix D.

Dynamic Angle of Repose Inside Kiln

Dynamic angle of repose tests on as received soil, 4760 and 4768 test product
were performed using a glass-faced 38 inch diameter drum. The drum was rotated
at 0.82 rpm equivalent to 0.6 rpm in the EERU unit. Test results are shown in
Appendix E.

Loas On Ignition

A loss-on-ignition test was performed on the as received soil sample. The sample
was held at 1000 °C (1832 °F) for 30 minutes. Test result showed that the lcux
in weight was 46.62% in soil 4761, 2.07% in soil 4760 and 12.46% in soil 4768.
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TGA AND DSC TESTS

Thermogravimetric Analysis (TGA) and Differnetial Scanning Calorimeler (DSC)
tests were performed on each of the three as received soils. The results are

shown in Appendix F.

Heat Transfer Computer Program Study

This will be provided in a separate addendum report.

X . Mak

K. K. Mok

Senlor Engincer, Prooeas Development
Process Rescarch & Test Tenter

A-C Energy & Mineral: Sytems Company

KKM/s Jk
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Small Batch Kiln Test

Project Name _IT Corporation Date _ January 9, 1985
Heat No. 1 (4761-1)
Kiln Ret. Time 60 mins Excess 0, 10 %
Kiln Speed 2.8 Tpm Kiln Temp at Time of Feed Lg;g___oc
Kiln Loading 7 % Feed Moisture 6.5 %
Total Gas Input Rate 32 SCFM Charge Weight 5.44 Kg
Process
Time Bed Off Gas ___Gas Input Comp SCFM
Min Temp Temp Air | 0, Nat. Gas
oC #2 oC #1 Remarks

0 1038 30 2.0 Fine dust blown out at start.

) 708 919 29.5 1 l 2.5

10 865 1040 28.0 1 é 3.3

15 879 1041 28,0 1 3.0

20 884 1039 28,5 H 2.9

25 892 1037 28,5 1 2.8

30 954 1031 27.3 2.4 2.4 Between 23 and

32 min - the 3 large pieces
35 1000 1044 25.1 2.2 1.7 broke up. Bed temp incurred
140 9C in 8 minutes.

0 1006 1034 28.1 2.2 1.7

45 1013 1037 25.1 2.2 1.7

50 1014 1037 28.1 2.2 1.7

55 | 1018 1060 | 2.4 2.2 1.7

60 . 1020 1041 28. 3 2.2 1.7

!

Product Weight 2,43 Xg Exhaust Dust Weight 0.2 Kg
Floor Swecpings _ Xg Total Product Weight 2.66 Kg
Observations:
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Small Batch Kiln Test

Obscrvations:

_ Project Name IT Corporation Date January 9, 1985
Heat No. 2 (4761-2)
Kiln Ret. Time 60 mins Excess O, 10 %
~ Kiln Speed 2.8 rpm Kiin Temp at Time of Feed 1038 O
Kiln Loading 7 % Feed Moisture 0.5 %
Total Gas Input Rate _ 45 SCFM Charge Weight 5.44 Kg
_ Process
Time Bed Off Gas L as Input Comp SCFM
Min Temp Temp Air 02 Nat. Gas
oC oC Remarks
0 1040 39.1 2.7 3.2 Irregular bed action.
5 693 894 37.6] 3.8 3.6
36.8| 4.4 3.8 :
i0 882 1038 35.3| 4.5 4.2 - =10 Min regular bed action -
36.4; 4.9 4.0 No large pieces (broken).
15 920 1042 36.8] 4.4 3.8
37.6; 3.8 3.6
20 942 1039 38.4] 3.2 3.4
25 985 1045 39.:1 2.7 3.2
30 1019 1040 39.1] 2.1 3.0
35 1028 1043 39.1; 2.1 3.0
39.1 1.8 2.9
40 v 1034 1039 39.1 1.6 2.8
; .
45 1036 1043 39.1 1.6 2.8
80 1034 1037 39.1 1.6 2.8
55 1035 1038 39,1 1.6 2.8
60 . 1039 1040 58.1 1.6 2.8
i
Product Weight 2.13 Kg Exhaust Dust Weight .34 Kg
Floor Sweepings .06 Kg Total Product Weight 2,53 _Kg
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Small Batch Kiln Test

Project Name IT Corporation Date January 9, 1985
Heat No. 3 (4760-1)
Kiln Ret. Time 6.0 mins Excess 0, 10 %
i Kiln Speed 2.8 PR Kiln Temp at Time of Feed gggg___°c
Kiln Loading 7 % Feed Moisture 1.2 %
Total Gas Input Rate 32 SCFM Charge Weight 4.75 Kg
Process
Time Bed 0ff Gas as Input Comp SCFM
. Min Temp Temp Air | O, Nat. Gas
oC oC Remarks
0 1038 25.1¢ 3.9 3.0 Roots burned immediately.
25.8} 3.4 2.8
5 906 1046 27.3} 2.3 2.4
10 1010 1044 27.3| 2.3 | 2.4
15 1025 1040 27.31 2.3 2.4
20 1027 1040 27.31 2.3 2.4
25 1025 1037 27.3] 2.3 2.4
30 1026 1038 27.3] 2.3 2.4
35 1028 1038 27.3] 2.3 2.4
40 1028 1040 27.3] 2.3 2.4
45 1029 1040 27.3) 2.3 2,4
. 50 1030 1038 27.3] 2.3 2.4
55 1029 1039 27.3] 2.3 2.4
60 1028 1038 27.3| 2.3 2.4
|
Product Weight 3.03 Kg Exhaust Dust Weight 1.4 Kg
Floor Sweepings A Xg Total Product Weight 4.43 _ Kg
Observations:
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Small Batch Kiln Test

Project Name IT Corporation Date January 10, 1985
Heat No. 4 (4761-3)
Kiln Ret. Time 60 mins Excess 0, 10 %
Kiln Speed 2.8 Tpm Kiln Temp at Time of Feed 1038 °c
Kiln Loading 7 % Feed Moisture 6.5 %
Total Gas Input Rate 100 SCFM Charge Weight 5.44 Kg
) Process
Time Bed 0ff Gas as Input Comp SCFM
Min Temp Temp Air | 0, Nat. Gas
oC oC Remarks
0 1038 85 7.4 7.6 Considerable dust blown out.
s | ses 1043 86 | 6.3 7.2
! 87 5.7 7
10 | 874 1040 89 4.5 6.6 At 13 Min Bed Temp approach-
§ ing Off Gas.
15 931 1041 89.6/f 3.9 6.4
91 2.9 6
20 1010 1034 91 2.9 6
25 1022 1040 91 2.9 6
30 1015 1040 91 2.9 6
35 1020 1038 91 2.9 6
40 1019 1040 91 2.9 6
45 1021 1039 91 2.9 6
50 1024 1039 91 2.9 6
g5 . 1028 1043 91 2.9 6
60 1029 1041 91 | 2.9 6
4
Product Weight 1.77 Kg Exhaust Dust Weight __ 0-44 Kg
Floor Sweepings 0.25 kg Total Product Weight _ 2-46 Kg
Observations:
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Small Batch Kiln Test

; 0, 1985
Heat No. 5 (4760-2) Sand
R . . 60 . 10
Kiln Ret. Time mins Excess 02 %
1038
Kiln Speed 2.8 Tpm Kiln Temp at Time of Feed _ %
.2
Kiln Loading 7 % Feed Moisture L %
66 . 4.75
Total Gas Input Rate SCFM Charge Weight Kg
Process
Time Bed Off Gas as Input Comp SCFM
. Min Temp Temp Air 0, Nat. Gas
oC oC Remarks
. 0 56 4.8 5
5 932 1012 57.7{ 3.7 4,6
10 992 1034 58.5{ 3.1 4.4 At 10 Min 0.66 Kg leakage a
Kiln Cover.
15 1009 1030 58.5/ 3.1 4.4
20 1013 1040 58.5 3.1 4.4
25 1016 1038 58.8§ 3.1 4.4
30 1017 1040 58.4 3.1 4.4
35 1018 1040 58.9 3.1 4.4
40 1020 1041 $8.5 3.1 4.4
45 1018 1036 58.5 3.1 4.4
S0 1019 1039 58.5 3.1 4.4
55 ‘ 1022 1041 58.5 3.1 4.4
|
60 . 1021 1040 sg.d 3. 4.4
i
Kiln Leakage 0.66 Kg
Product Weight 2.57 Kg Exhaust Dust Weight 0.90 Kg
Floor Sweepings 0.18 Kg Total Product Weight 4.31 Kg

Observat

ions:
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Small Batch Kiln Test

Project_Name IT Corporation Date January 10 , 1985
Heat No. 6 (4760-3) Sand
Kiln Ret. Time 60 mins Excess 0, 10 %
Kiln Speed 2.8 Tpm Kiln Temp at Time of Feed 1038 O
Kiln Loading 7 % Feed Moisture 1.2 %
Total Gas Input Rate 100 SCFM Charge Weight 4.75 Kg
Process
Time Bed 0ff Gas Input Comp SCFM
Min Temp Temp Air 0, Nat. Gas
oC oC | Remarks

0 1038 91 2.9 6 Organics burned out.

87 5.7 7
5 993 1043 89 5 6.6

At 8 Min Bed Off Gas appro-
10 1009 1038 90.4| 3.4 6.2 aching line out conditions.
15 1017 1040 91 2.9 6
20 1018 1040 91 2.9 6
25 1020 1039 91 2.9 6
30 1019 1039 91 2.9 6
35 1021 1037 91 2.9 6
40 1023 1040 91 2.9 6
45 1021 1038 91 2.9 6
50 1018 1038 91 2.9 6
55 1020 1038 91 2.9 6
60 f 1021 1040 91 2.9 6
i

Product Weight 2.84 Kg Exhaust Dust Weight 1.01 Kg
Floor Sweepings 0.44 Kg Total Product Weight 4.29 Kg

e ————————p——

Observations:




Small Batch Kiln Test

Project Name IT Corporation Date January 10, 1985
Heat No. 7 (4761-4)
Kiln Ret. Time 60 mins Excess 0, 10 )
Kiln Speed 2.8 Tpm Kiln Temp at Time of Feed jfff__ °
Kiln Loading 7 % Feed Moisture 6.5 %
Total Gas Input Rate 66 SCFM Charge Weight 5.4 Kg
Process
Time Bed Off Gas as Input Comp SCFM
. Min Temp Temp Air | 0, Nat. Gas
oC oC Remarks
0 1038 56.2 | 4.8 5
5 840 1018 55.4 | 5.4 6
10 921 1038 56.2 | 4.8 5
15 944 1039 58.0 | 3.7 4.6
20 1009 1041 59.0 | 2.6 4,2
25 1028 1035 §9.0 | 3.1 4.4
30 1036 1039 §9.0 | 3.1 4.4
35 1032 1038 $9.0 | 3.1 4.4
40 1037 1040 59.0 3.1 4.4
45 1035 1039 $9.0] 3.1 4.4
50 1033 1036 §9.0] 3.1 4.4
‘ 55 1038 1040 59.0] 3.1 4.4
60 | 1035 1039 59.0] 3.1 4.4
Product Weight 200 Kg Exhaust Dust Weight 0.42 K
Floor Sweepings 0.09 Kg Total Product Weight 2.51 Kg
Observations:

137




Small Batch Kiln Test

Project Name IT Corporation Late January 11, 1985

Heat No. 8 (4768-1)

Kiln Ret. Time 60 mins Excess 02 10 %

Kiln Speed 2.8 Tpm Kiln Tewp at Time of Feed 1038 %

Kiln Loading 7 % Feed Moisture 6.4 $

Total Gas Input Rate 32 SCFM  Charge Weight 4.68 Kg

V Process
Time Bed Off Gas Input Conn SCFM
Min Temp Tenp Air 0, Nat. Gas
oC oc : Remarks
0 7 Organics burning out.
, 25.11 3.9 5.0 3 Min to complete. Bed more
free flowing at 3 Min rather

§ 865 996 23.5| 5.1 | 3.4 than sliding.

10 947 1042 24.31 4.5 3.2 Air Compressor off low pres-
sure - change to high pres-

15 996 1041 25.1] 3.°¢ 3.0 sure system (8 Min Bed Temp
below expected).

20

25 800 870 25.1} 3.9 © 3.0

30 985 1043 25,1 3.9 | 3.0

33 1009 1040 26.6{ 2.8 2.6

40 1021 1036 | 26.6{ <.§ 2.6

45 1010 1033 20.0[ 2.0 1.8

50 1012 1038 | 20.00 2.0 1.8

§5 1 1014 1038 | 20.0f 2.0 1.8

60 SBT3 1038 20.9f 2.0 1.8

{

Product Weight 3.36 Xg Exhaust Dust Weight 0,12 Kg

Floor Sweepings 0.92 Xg Total Product Weight 3,50 Kg

Observations:

138




Small Batch Kiln Test

January 11, 1985

Project Name IT Corporation Date
Heat No. 9 (4768-2)
Kiln Ret. Time 60 mins Excess O2 0 %
Kiln Speed 2.8 pyo Kiln Temp at Time of Feed 19§§_~_°C
Kiln Loading 7 % Feed Moisture 6.4 %
Total Gas Input Rate 66 SCFM Charge Weight 4.68 Kg
Process
Time Bed 0ff Gas as Input Comp SCFM
Min Temp Temp Air 02 Nat. Gas
oC oC Remarks

0 1038 60 2.0 4

5 929 1037 56 4.8 S

10 1013 1037

15 1023 1040 59.2 2.6 4,2

20 1021 1037 59.2 2.6 4,2

25 1023 1038 59.2 | 2.6 4.2

30 1023 1039 59.2 2.6 4.2

35 1024 1038 59.2 2.6 4,2

40 1023 1037 59.2 2.6 4.2

45 1021 1036 59.2 2.6 4.2

50 1026 1040 59.2 2.6 4.2

55 1025 1039 59.2 2.6 4.2

60 . 1024 1038 59.2 2.6 4.2

|

Product Weight 3,00 Kg Exhaust Dust Weight 0.52 Kg
Floor Sweepings 0.05 Kg Total Product Weight  3.57 Kg
Observations:

13y




Small Batch Kiln Test

Project Name IT Corporation Date January 11, 1985
Heat No. 10 (4768-3)
Kiln Ret. Tire 60 mins Excess 0, 10 ]
Kiln Speed 2.8 pye. | Kiln Temp at Time of Feed _£9§§__°C
Xiln Loading 7 5 Feed Moisture 6.4 %
Tétal Gas Input Rate 100 SCFM Charge Weight 4.68 Kg

| Process
Time Bed Off Gas Input Comp SCFM
Min Temp Temp Air | 0, Nat. Gas

| o€ oC Remarks
0 1038 91 2.9 6 Organics burned out within
2 Min from start.

5 926 1020
10 1020 1047
15 1029 1042 92 2.3 5.8
20 1026 1034 92 2.3 5.8
25 1026 1034 92 2.3 5.8
30 1028 1036 92 2.2 5.8
35 1029 1036 92 2.3 5.8
40 1036 1040 92 2.3 5.8
45 1034 1039 92 2.3 5.8
50 1033 1035 92 2.3 5.8
85 1033 1038 92 2.3 5.8
60 , i037 1040 92 2.3 5.8

:

Product Weight 2.60 Kg Exhaust Dust Weight 0.81 Xg
Floor Sweepings 0.13 Xg Total Product Neight 3.54 Kg

Observations:

An




IT Corporation

Small Batch Kiln Test

January 11, 1985

Project Name Date
Heat No. 11 (4760-4)
Kiln Ret. Time 60 mins Excess 02 10 %
Kiln Speed 2.8 Tpm Kiln Temp at Time of Feed __lff’i °c
Kiln Loading 7 % Feed Moisture 1.2 %
Total Gas Input Rate 25__ SCFM Charge Weight .75 Kg
~ Process
Time Bed Qff Gas as Input Comp SCFM
Min Temp Temp Air 0, Nat. Gas
oC oC Remarks
0
5 996 1043 17.1 | 4.9 3
10 1040 1043 19.4 | 3.2 2.4
15 1034 1038 20.9 | 2.1 2.0
20 1035 1038 20.9 | 2.1 2.0
25 1035 1037 20,9 | 2.1 2.0
30 1035 1038 20,9 | 2.1 2.0
35 1035 1040 20.9 | 2.1 2.0
40 1035 1038 20,9 | 2.1 2.0
45 1036 1040 20.9 | 2.1 2.0
50 1037 1038 20,9 2.1 2.0
55 1032 1032 20,9 | 2.1 2.0
60 1033 1038 20.9 | 2.1 2.0
!
!
Product Weight 3.73 Kg Exhaust Dust Weight  0.86 Kg
Floor Sweepings 0.03 Kg Total Product Weight  4.62 Ky

Observations:

14l
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APPENDIX c




LOOSE BULK DENSITY OF MATERTALS, lb/f‘t3

As Received 4761 85.98
As Received #4760 80.04
As Received 4768 78.92
Test 1 Product 55.56
. Test 2 Product 54,31
Test 3 Product 94 .28
Test U4 Product 51.19
Test 5 Product 92.40
Test 6 Product 92,40
Test 7 Product 47.45
Test 8 Product 84.29
Test 9 Product 87.41
Test 10 Product 118.63
Test 11 Product 93.03
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AS RECEIVED SOIL SCREEN ANALYSIS

PERCENTAGE PASSING

Screen Size Soil 4761 Soil 4760 Soil 4768
2.1 Inch 100.00
) 1.5 Inch 76.59
1,1 1Inch -
.75 Inch - 100.00
.53 Inch 74.06 92.49
.375 Inch 68.31 88.08
3  Mesh €1.69 85.04
4§ Mesh S4.17 100,00 72.68
6 Mesh b9,17 99.96 64,22
8§ Mesh 43.52 99,90 58.66
10 Mesh 39.77 99,84 56.14
14 Mesh 35.7T1 99.6C 54,02
20  Mash 31.54 97.51 51.52
28  Mesh 26.36 82.92 47.0:
35 Meah 20,90 51.7) 40,06
48 Mesh 15,67 22.43 30.9%
65 Mash 10.7 6.97 ' 17.94
100  {eah 6.94 2,717 10,58
150 Mesh 3.62 1.717 6.74
200  Mesh 1.24 1.15 3.67
Pan 0 0 0
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STEVESMAIN STEVFSHATH

3
tJ

AGAGA2530  NOGORAGG

JTEVE ANALYSIS ALLIS-CHALMERS
MR TERTAL SQIL 4741
SUBHITTED BY IT CORF,
RATCH KILM TEST |/
FEST MO,B8%-002 UATE 1-10-89

As AS REC, FEED SAMPLE

B= 47411 MILN FRDOL, TELT
M= 47¢i-1 EVHAUST DUSY T&er
ft=

BIEUE §
EQUTU

I N B N b
4

T.NESH
3

©
Tit FERCEMTAGE FERCEMTAGE FERCENTAGE FERCENTAGE
- L B R L Nl FASSTNG DN FASSING O  FASSTHG
Gl 0,08 180 aa G0N 100,00 0.00 100,00

& IGLA0 23,041 TEL90 2009 100,90 080 166,90
1.1 J3T00 0. 00 AT G 00 100,00 0:00 100,00

.5 1ROGG 2 D0 DIy Q.90 10H,0¢ 6,60 100,00
613 13200 207 T4 .N0aA 12,4y 87.%0 0.00 100,00
L0 ) CA TN .79 4%, ¢.Ha TR N 0,00 160,00
M= 3 &E00 2,82 &f.av 1.8 $2.37 G600 100,00
] 47340 4,92 54,37 ta,98 52, 2¢ NGO L0090
& 330 TLad 49T 708 49,73 ARG 97,45
Y 1204 aa® A7,42 T.el 4712 G811 ¢4.83
13 1A .74 o v .28 JN.ERS 6,77 Q404
v 1180 .97 T8 .00 TR R.W0F .94 24,%2
i aso 4 1T 31,54 4.45 23,90 5030 geay
'8 40 .18 s <« FO v 2 13,19 7¢.03
% A% B.e% 0 36,90 IV ALY 16,49 G9.3%
g COUATIEI T & S S A SO IO lad,%% 42, 7@
&% 217 &, %, 10N O IR CEy IUREIR Ye. T 23,07
Lo 15a TOve =, 7 D I LUFREL L4,6% 11 18
14946 | RAT Iy 3,80 LT LU TLoR4 Q00
ERL e .18 LIRS RO L NN 1.4%
308 Ty SL0n SN 0,08 foo 0 AR T 00
iy 3% AR RIS 1,90 R AR I )
A s TLGA g ANRA 0 W G D000 o, G0
",“‘).-:; ¥ QAN S, N SLaS 3 n.‘"a S AG DS A
Froesd . joa RS HEES I L. 00 145 L. "
S R r fi
B0 PUT 0 CITT < ARSLOALY e EA 16114, O
SLBEC .0t YT F T QaNLLESTY nars d.e%d SOTaA 1.,83¢
HEES T SRSy TIETEd dedeidd e
PRILANTED VO SR, KRR aay s ps 3.0 S0 NI

HOILS FELOTTOH FIVEFY Fadadi SERFANY
UL HETEHY LB FVedz. AR KRR A BRER L A A R R

tod
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FIEVE ANALYEIS L I3-THALKERS
H&ATERIAL SOIL 4741 -
SUBMITTED RY IT CORF.,

BATCH KIL® TESY /

TEST ND.BS-003 LATE 1-14-895
Lan ta WMETGHT % FASSIMG 1 ,
AESH MU-H 198 & S5 4 7 2 188 o % 3 3 K 192 = 3 4 3

42 167Hn 7

4= AS REC, FEED SAMPLE
1,0 790090 7

B= 4751-1 NILN FEOD,
2,1 33006 7

C= 4741-1 EXHAUST ST

1.5 27505 4 4
1.1 263560 4
»*5 184600 4
5% 13206 © BRa

1375 9596 € BA

Hed 4700 C Bh

14 1188 ¢ AR

2% 850 C n B
g 44 N " &
1% 429 £ "
18 30 C #r
0% 42 o .
190 1S3 < o
1459 10d ML
20 3 S
270 S3
325 45
4y 8
GG RS 4
HEGH HU-# 198 & 5 4 3 2 - ST SO B
1=A+R KPR I AED 4~ vy bt auleh

FeAdBHC . BaAtRED Daadl+l ALLECED ¢ A4RENAD
159
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SIEUE Aenl 518 ALLIS-CHALMERS

MATERTAL SOTL 4741
SUBMITTED &Y IT QOkRe,

BaTOH KILM TEST 2
TEST NO,B%-073 . (aTe 1-10-8%5

d= 48 FEC, FEET SAMFLE
Ra 4741-2 KILH PROUD, TEST D
= 47412 EXHAUSTY TWST T1esr 2
ﬂm
BIEVE SIZE 1 R c (]
gERUIV.  ASTM FERCENTAGE FERCENTAGE FERCENTAGE PERCENTAGE
T, MESH  MU-H 0N PASSING N FASSING ON  FAESING ON PASSING
241 53000 G006 100,00 G.0N0 100,00 0.00 100,00

1.3 TGO 2T .41 TELES 6H.06G 100,00 9,00 106,00
i) 2ah0n G406 S, 000 100,00 0.00 100,00
T L0 000 Ay SL,006 100,00 0,00 106000
o573 13500 203 Th L 0e 20 92,70 0,00 100,00
A YE GO 2,70 AR, EL T84 84,91 ALO0 100,00
M=3 a704 S &7 A1 &9 1o.09 74,87 D00 100,00
A AF50 IR T I 16,27 A4,54 G000 106,00
3 KIESETY -L I L B.13 5640 1,80 98,40
i? XY HoAY 4T, 5D R.44 47,74 1,08 97,32
19 17406 1,74 29,77 4:81 46.90 1.22 Qé‘10
L4 1183 4,07 169,79 4,472 34,53 3.30 B9
20 850 4,17 31,54 o000 246,99 AN-1¢ Su..
IR &00 Ga1B 0 24,34 T.oh4 19,40 12,18 73.11
35 425 S04 3090 G.0G 0,00 14.31 98B.é1
AR N0 A 15,67 O, 00 6.00 16,00 42600
A R A 4,94 107 O 00 0,00 16,85 25,090
130 CLE 7 A4 YENL) ¢c00 12,74 12,29
150 1804 3,37 382 0,00 0,00 &3 T.34
A T 338 124 00 0. 00 3,03 2.33
ERY 53 {00 Gy Qi0h foan 0,00 0.00 000

. b 9,00 D00 $.00 0,00 0,00 0,00
400 ?q 0,00 S G Q.00 0,00 ¢.00 0.00

da Ny 00 0,00 3,00 N, 00 0,00 0.00
RN & 1.74 0,00 19,45 0,00 h.u3 0.00

N R L 1

80 FCT, 8I2F (LOG-LORBY = 39478, 80460, 735,
HLOFPE.BDY SIZE 70 SMALLESY TATUM 0,664 D544 1:.549
SRECIFIC GRAVITY RRLEANE KKEAREE KRKAAFI
FETIMATED @0, 6R, FOR 40% UOIDS 0,00 000 0,00
VOTHS FRACTION FRAXRANE FRERHRE HREREEN
BULK WETGHT (LRS/FTH¥3) CERRERNE KFTREKE KR OkKKH
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SIEVE ANALYSIS LLIS-THALMERS

‘MATERTIAL S0IL 4781
SUEMITTED BY IT {ORF.,
BATCH KiLN TEST 2
TEST N0O.BS5-003 DATE 1-10-85
100 19 WEIGHT % FASSING 1 ,
HESH MU-M 198 & S 4 3 2 198 &6 % 4 3 z 198 A G 4 4
4,2 10744 7

A= AS REC, FEED SAMFLE
3.0 75000 7

E= 47461-2 KILN FROD,
241 33700 7

C= 4761-2 EXHAUST DUST
37500 4 A

L0

105

bl 26500 4

+79 19000 4

+52 13200 CB A

» 375 9500 C B A

M=3 6700 C B A
4 4750 C RA

6 3350 C BA

8 2360 C !
10 1700 ¢ 1
14 1180 C AB
20 B850 € S
28 600 € A B
3B 429 ¢ A
' 18 300 ¢ A
45 212 c 4
100 150 P
50 106 e
206 75 ¢ 4
270 53
125 a5
00 38
€00 26 &
MESH dU-H 198 6 5 4 3 2 198 454 1 2 198 A %4 3
1=A+R 2uAHC 3-A+D 4-R4L S B4D 4uCHI

Q=8 104C B=A+H+D 9=4+C+D J=p+CH+D LR A 2 IS
161
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STEVE AMALYSIS - ALLIS-CHALMERS
MaTERIAL SQIL 4740
SUBMITTED BY IT CORF,
BATCH KILN TEST 3
TEST NO.85-003. UATE 1-10-83

= A8 REC. FEED SAMFLE DRIED AT 1006 C

8= TEST 3 KILN FROD, 4760 -1
T= TEST 8 EYHAUST DUST 4760 -/
|G
8IEVE SIZE A kB C I
EQUIV., ASBTH FERCENTROE FPERCENTAGE FERCENTAGE PERCENTAGBE

T+MESH U~} 0N FAEBBING ON FABBING ON  PASSTING ON FASSING
4 473¢ 0,00 100,00 0,00 100,00 0.00 100.00
) 3350 0.04 99,94 0,06 99,94 0.00 100,09
8 23806 0,04 09,90 0.02 99.92 0,00 100,00
342 17048 0,046 %¢.84 0.04 99,87 0,060 100,00
14 1180 Ny 09,40 0,26 99447 0.03 99.97

20 8590 2,03 @7, 57 2.32 97,30 0.49 99,48
28 400 14,460 82,92 14,74 82.34 ®. 96 892.352
35 22% 31,21 1.7 30,29 92,07 3802 01400
44 300 A9 2R 22,43 2.0 23I.M J4.97 146,03
a% 212 145.47 h,C7 16,19 7407 12.73 3,30
180 150 4,20 2.7? 4.93 2,14 2464 Oidé
L30 104 1.00 1,72 1.12 1.02 044 0,22
200 75 0,82 1,19 Q.04 0,48 014 0.09
2D %3 3,00 3,00 0,00 N 00 9400 0,00
328 40 0.00 0.0 0,00 G 00 9,006 0400
490 318 .00 H, 00 5,00 0.00 SO0 2,00
5048 28 Q.00 4,00 0.0 0. 00 Q.00 0.00.
Fan 0 1,19 DT Ho48 5300 3.0¢% 8,09
" E » n
8O FCY, SIZ2E LOG-~LOGY = 184, 13 5960,
SLOFE,SOY GIZ2E TO SHALLEST LATUM 2.0A4 2,127 2,901
RPECIFIC BRAVITY FEERRRE FREREER SNARRLS
ESTIMATEDR SF.QF. FOR 40% uQIDS H,040 0,00 000
UNnIngS FRACTION FEVERTR ERUEREE KFRPEFT
BULK NEIGHT ¢LBS/FT#¥3: FREREF SEFIEEE FVERENY
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SIEVE ANALYSIS fLL IE~CHALMERS
MATERIAL 50IL 4750
BUBMITTED RBY IT CORF.
BATCH KILW TEST 3
TESBT NO.85-003 LATE 1-10-80

A= A8 REC, FEED SAHFLE DRIZD AT 100 C
3= TEST 1 KILN PRODIN, 4760-7
L= TEST 1 EXHAUST DUST avé0-1

150 10  WEIBHT % FAS3IMG 1 .

MESH #U-M 198 &6 5 &4 3 2 198 & 5 4 3 2 198 & 0 4 3
+53 13200 7
»375 9500 7
M=3 4700 7

& 4750 7

& 3350 €1

B 2340 Cit

10 1700 Ci

14 1180 7

0 8% 7

28 800 7

15 425 K

48 300 By

A% 212 { ¢
100 150 4 B C
150 1048 ) ¢ o
200 5 A &
270 33 |
328 4y
400 38
500 2% & | o
HESH MU-M 198 &4 5 4 3 2 18 4 % 4 3 2 R A 5 a3
E:Ia0 R Yy T-4+h 4. ReC "B+l Aaldi

FantBel SeftbLD F-ntl+l G-E+ (4D veRrRel4D
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STEVE ANALYSIS ALLIS-CHALMERS
MATERIAL SOIL 47&1
SUBMITTED BY  IT CORF,
; BATCH KILN TEST 4
TEST NO.85-003 DATE 1-10-85

A= A8 REC. FEED SAMFLE
B= 4761-3 KILN PROD, TE&ST %
L= 4761-2 EXHAUST LUSY TEST &

D= .
SIEVE SIZE f : B c D
EQUIV., ASTH FERCENTABE FERCENTAGE FERCENTAGE PERCENTAGE

T.MESH MU-M ON FASBSESING ON FASSING 0N FPASSIHG O  PASSING
2,1 93000 0,00 100,00 0,00 100,00 0,90 100.00
(%] 37500 23,41 78,09 H,00 100,00 0,00 100,00
1.1 285006 0.0n 0.00 0,00 100,00 6.00 100,00

S 19000 0,00 0.00 0.00 100,00 0,00 100,00

3 13200 2,33 74,04 4.76 93,24 0,00 100.00

73 2500 5,75 68.31 .24 86,00 .00 100.00

3 §700 $.62 81.49 14,39 71,60 0.00 100.00
) 4756 4,92 04,77 14,45 357410 2,60 100,00
& 3350 .60 4%.,17 9.07 48.08 7.8 92.19
B 2360 5,869 43,02 10.08 38.00 4,02 88.18

10 1700 3.74 39.77 72¢37 30,63 3.93 84,235

td 1189 4,07 3%7.7% 6,78 23,85 T.04 79.21

20 850 4,17 31.54 72,12 146.73 5.39 73.82
e 600 95,18 24,34 7.42 9,31 7:37 66,45
K] 423 3.4 20,90 0,00 0.00 11.18 55.26
48 3900 423 15,647 0.00 0,00 15.80 39.47
4] 212 4,94 10.,71% 0.00 0.00 18,36 20.%91%
100 1590 3,77 4,94 0.00 0,00 11,469 .22
150 106 3,37 3,47 H.00 0.00 337 3.%0
200 7Y 2,38 1,24 3.00 0,00 2,31 1:60
270 53 000 0,00 0.00 0.00 0.00 0,00
5 49 2,00 2.:00 ", 00 0,00 H,00 0.00
Ang 38 0. 0N AL Q.00 0.00 0,00 0.00
G4 de .00 D, 00 D00 2,00 0,00 0,090
FaR ) 1.0 OH,60 ¢33 0.00 1,60 0.00 c
, x] R D
BO FCT. SIZTE (LOG-LNAY = 39478, 82?7, 12452,
SLOPE»BON SYZE YO SHALLESY DATUNM D.6464 9,820 1,390
SPECIFIC GRAVITY FFEFISR FEXNFEE FPAENNR
ESTINATED SPL.GR, FOR 40% YOIDS 9,00 0,00 0.0
VoINS FRACTJION PEFEFET ERAREFX FHENSNS
BULE WEIGHT LRBS/FT%X3) PRREREE XIEPVRE ROAAUES
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8IEVE AWHALYSIS 4LLIS~-CHALMERS
MATERTAL SOIL 4741
SUBMITTED BY IT CORF.

BATCH KILN TEST 4

TEST NO.8Y-003 DATE 1-10-83
100 10 WEIGHY % FASSING 1 ,
MESH MU-M 198 & 5 4 3 ? 198 4 G 4 3 2 198 6 5 4 3

4,2 107MH 7

A= AS REC. FEED SAMFLE
3.0 75000 7

= 4761-3 KILN PROD,
2.1 53000 7

L= 4761-3 EXHAUST DUST
1,5 37500 4 A

1o1 26500 4

»7% 19000 4

»53 13200 CBR A
v375 9500 C B A
N=3 6700 C BA

A 4750 C 1
6 3350 C 1
B 2360 C A B
o 1700 ¢ A B
14 1180 € A B
20 8% C A B
28 600 ¢ 4 B
35 425 ¢ A
) A8 360 ¢ A
65 212 Oy )
100 1590 c 4
150 106 ca
200 75 -
270 53
325 49
100 38
n00 R
HESH MU-M 198 & 3% 4 2 196 ¢ 54 T 2 196 5 5 4 2

L
0 d=R+C g T3¢ A-T D

3
1=24+8 2uA+C ~tt
A+040 H-Be N Paadptltl

FahtReC S2A+B4D Q=
o) 165
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RIEVE anaLYSIS SLLIS-CHALHERS
MATERIAL 80IL 47A0
SURIITTED BY  IT CORF.
BATCH KILM TEST §
TEST ND.RS-003 UATE 1-10~-85

4= AS RET, FEED SAMPLE NRIED AT 1060 C
k= TEST S KILN PROD., 4760-2
T= TEST S EYHAUST NUST 47402 .

fi=
SIEVE SIZE A B n 0
EQUIV. ASTM FERCENTAGE FERCEHTAGE FERCENTAGE FERCENTAGE

T.MESH HU-H AN FASEING AN  FABSING NN FARSING ON  FPASSTNG
4 475¢ 0.00 106,080 D00 100,060 ¢.00 100,00
A 3350 0,04 99,95 D.00 105,00 9,00 160,00
& 2340 G 06 93,90 0,04 99.94 0.00 100,00
10 1700 0,04 29,84 6,06 99,89 D04 09,96

14 118G G, 04 99, ,AN Hy17 99,77 .09 60.87
KU 330 2,03 7,07 1.50 ©8.,22 1.82 98.05
M 400 14,860 R2,90 ?.80 88,42 18,33 79.22
15 Q23 11,21 LA 27417 61.25 3714 42,548
4R 300 29,.0” 0,41 34.97 24,28 24,33 18.02
585 212 13.47 A.87 19,15 D 12,27 5.76
100 150 4,20 2.7 G435 1.78 4,34 1.42
159 104 130 1.7 1.00 0,78 0,93 0,49
200 78 0,87 1,14 047 0.33 0.22 0.27
R 53 9,00 D00 000 0,00 0,00 N,00
325 45 0,00 2, Ha 6.00 0,00 0.00 0,00
180 18 D00 D00 0.0 8,00 H.00 6,00
500 26 S, 00 G, 00 0,00 0,00 0.80 0. 00
PN ] 1.1% 3,840 N, 33 .00 0,27 0.00
ft B C b
B PCT. SI2E {LOG-LOB)Y = 584, nds, A04,
SLOPEROY SIZE TO RMALLEST NATUN 2,044 2,709 2.73%
SPECIFIC SRAVITY FEANREE HEEVAEY ESEERR
ESTIHATEDN QK L.GR, FNAR 44% VOINRS 0.00 0,00 0,00
ugtnRs FRACTION SHERERE VP EE SRUIERN
BULK WEIGHT (LRS/FTH#¥3Y FARFREF KT EXTE BIFsaww
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STEVF ANALYSIS ALLTIS~CHALKERS

HATERIAL SO0IL 4760
SUBKITTED BY IT CORF,
BATCH KILN TEST &

167

TEST NO,85~003 DATE 1-10-85

A= AS REC, FEED SAMFLE DRIED AT 100 C

8= TEST § KILN FROD, 4740-2

f= TEST 5 EXHAUST DUST, 4740 -2

100 T 10 WEIAHT ¥ FASSING 1 ,

HESH MU-M 198 & 5 4 3 2 198 A 5 4 n 198 & 5 4 3
53 13200 7
,375 9500 7
N=3 4700 7

4 4750 7

4 3350 A4

8 2340 Ci

10 1700 7

14 1180 7

20 850 7

28 400 1€

35 425 BA&C

48 300 B & C

4% 213 ' . C
100 159 PR
200 5 <« RO
170 53
328 s
100 18
500 26 4
HESH MU-M 196 & % 3 3 2 188 A4 % 4 2 168 A 5 a 3
124 +R Duadl ToA4D 4-R4C ne k4D el
7=A4BHC  B=ABED  C2A+CHD  0=BICHD  +-adsReT4N

-5 1Y 1]

"y




SIEVE ANALYSIS wLLIS-CHALHERS
MATERIAL SOIL 4760
SUBMITTED BY IT CORF.
BATCH KILN TESTY 6
TEST NO.BS5-903 UDATE 1-10-85

A= AS FEC, FEED SAMFLE DRIED AT 105 C
E= TEST 4 KILN FPROD. 4940 -3
C= TEST & EXHAUST DUST 49460-3

LES
STEVE SIZE M B N D
EQUIV., ASTH FERCEMTAGE PERCENTABE PERCENTAGE FERCENTAGE

T.HESH ™MuU-M ON  FASSING ON FASSING NN PASKRTING ON FPASSING
4 47350 000 105,006 $.60 100,00 0.00 100,00
8 1380 0.04 99,894 H03 99,97 0.00 100,00
&8 2350 0,06 99,94 H,03 99,945 G 00 106,00
1o 1709 0,06 99,83 0.03 99,92 0.8 99.92
14 1180 0:24 59,40 0,18 99.74 0:.186 99,76

20 850 2,03 27,57 1,79 97,97 1.5% 98,20
28 480 14,40 B2,82 17,07 82,90 8.41 89.60
35 429 31,21 S1.TU 34,18 48,72 21,91 47.49
4u 300 29,28 22 43 30,91 17.8)  31.33 36.35
5% M2 15,47 4,97 13,40 4,21 24,89 11,44
190 150 4,720 2,07 3,24 0.9% 8.88 2,57
50 164 1,00 (,®7 0.58 0,37 2,09 9,57
200 TH0.47 1,10 0.21 0l 0.4  0.12 *
AR ST 0,00 A0 H,00 8,00 2,00 0,90
335 45 D, 00 A NG 6300 6,00 OlGO 0000
259 38 0.00  H.00 0.00 8,030 0.90 9,00
500 ¢ 0.8 a0 H.00 0,00 06,00 0,00
FAN 9 1.8 4,00 h16 0 0.00 0.12 0,00
) R ¢ 11
BO PPY, SIZE (LOG-LOGY - ua4, R4 . n27,
SLOPE»B0% SIZE TO SHALLEST DATUM 2,044 2,029 3,348
BFECIFIC BRAVITY TEREERE RERERAE REFERGS
ESYINATED SP,GR. FOR 0% wOIDs 6,00 0,00 8,00
uAINS FRACTION ERRUAER SESENEE RERERER
RULK WEIGHT (LBRS/FT351 SEERERE ENSEFES REIRAVY
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STEVE ANALYSIS rLLIS-CHALMERS

HATERIAL SQ0IL 47460
SURMITTED RY  IT CORF,
BATCH KILN TEST G

TEST NO.B3~003 GAaTE 1-12-85

A= AS REC, FEED SAMNPLE DRIEDR AT 100 C

B= TEST & KILN PROD. 4760 -3

C= TEST & EXHAUST DUST, 4760 -3

100 10 WEIGHT % FASSING 1

MESH MU-M 198 & T 4 3 2 198 & 5 3 3 2 198
«53 13200 7
»373 9500 7
H=3 4700 7

4 4750 7

6 3350 C1

8 2340 CH

g

10 1760
14 1180 7
20 839 7

28 8006 7

35 A% C 1

8 359 C n b

4% 212 ¢ 1) 4

100 150 2 &
150 104 <

0y 73 “
2?9 %3

328 45

100 38

500 26 % _

HESH HU-# 198 & 5 & 3 2 1*8 & % 4 12 = 194
12448 2-a+C Jodtli LB+ fuRS ful+h

72A+b4C BsA+B4D Fuhdl4D Y B+0+0 +ATECHD

169
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STEVE ANALYSIS ALLIS~-CHALMERS
HATERIAL SOTL 4751 :
SUBMITTED RY IT CORF,
BTCH KILN TEST 7
TEST ND,B85-D03 DNATE 1-10-8%

A= AS REC, FEED SAMFLE
B= 4741-4 KILM FROD. TEST 7
L= 4761-4 EXHAUST DUST TEST *°

N
QIEVE SIZE A B C N
EQUIV, ASTI FPERCENTAGE FERCENTAGE FERCENTRAGE FERCENTAGE

T HESH MU-M ON  FASBING 0N PASSING ON  FASSIHG NH PASSTHB
2.1 93000 0.00 100,00 &,00 100,00 ¢.00 100,00

1.9 37500 23,41 P8,5¢ 3,00 100.00 §.00 100,090
26300 0. 00 0060 0.00 100,99 0.00 109.00C

1.1
78 120490 0,00 G.,00 9:.00 100,00 8,00 100,00
93 132600 2.53 74,04 417 93,87 0:00 100.00
375 e300 5,79 48.31 1tH.14 BITY N,00 100,09
M=3 4700 .82 41,48 13.37 20.3% 0.00 100,00
4 4790 4,92 B4,77 13,44 54,90 0,00 100.00
é 3350 J.60 4917 8.8 48.08 1.7? 9o8.23
8 2340 %,46% 43,302 8.4R 19.41¢ 3.43 94.81
10 1700 ERCE B 3 ke H.047 33.13 5.30 89.%0
14 1189 4,07 IuN nond 27,480 6,63 82,87
a0 850 4,17 331,04 &:01 139 6,08 ?76.80
8 £ .18 74,794 ALT?T 14.82 8.18 4R,42
3% 4%% %40 246, 00 NG 0.00 12.27 %6.3%
a8 O] .3 15,487 2,00 3,00 15,44 39,89
59 247 4,98 10,78 LI 0,488 18,90 20.9%
109 {uo 3,77 &6. 94 $, 00 9,90 13,70 .29
159 108 3.3 3.8 G 00 0.00 5.19 2,10
T 7% 2,38 1.24 - 0.0 I T I B T YY)
?““:’ 5:‘ : (‘t‘)ﬂ LT A, 00 OOOG 0.00 0,00
339 49 3,00 2,00 2,00 Q.00 0,006 Q.00
A2 g §,00 &, o O 08 0.0 0,00 0,00
N PES S, 00 DI T D)) 0,00 o, 00 3,00
Fan 5124 Dund 14,82 0.00 6.8  0.00
) " g ¢ N
A0 PPT. SIZE 7LAG-LORY = 30478, §ah. R
SLOPF.-8DY SITE YO SHALLESY 0ATUA 0,684 T, AT 1.841
SECIFIE BEAUTTY FFEVIEE $F S RAVAIRNN
FOOTAATED Sk, FOS S5 witos 3,30 N0 F00
uning FRavTION FISHKTD BV FHIan M}
g b R IAHY LER ST R IFRERE B bbb i dbNe
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SIEVE ANALYSIS ~ALLI3~-CHALHMERS
HKATERIAL SO0IL 4761
SURMITTED BY  IT CORP,

BATCH KILN TEST 7

TEST NO,8E5-003 GATE 1-1D-8%
160 10 WEIGHT % Fateliyy i ,
HESH Mu-M 198 5 T 4 3 2 129 6 9 4 3 2 ez & o 4 3

4.2 1071 7
Az AS FEC, FEED SAMFLE
1,0 75000 7 -
R= 4741-4 KILN PROD, TFST 7
2.1 53000 7
= 4761-4 EXHAUST DUST TEST 7
L.3 37500 4 A

1.1 26500 4
‘ .79 19000 4

53 13200 CB 4

27 %390 C B A

H=3 4700 C BA

4 A7%0 o i

2 1390 € 1

8 2340 ¢ AB

td 1M ¢ AR

(4 1180 ¢ A B

W B5H o R

g &0 N A &

1 434 Y

) 48 300 v )

&5 212 e .

A0 189 -

150 198 i r
Wy e A
170 51
3729 a4
100 38
%G00 T8 &
HESH HU-H 1°8 ¢ $ &4 T 2 teg & % a T 7 18 & % a1
1=A4R IV AN Iy - o%en FaCHD
204484C  Bratbdd © :

sy N 171 .(A4r‘
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BIEVE AMALYSIS wLLIS-TFHALMERS
HATERTAL SOTIL 47s¢
SURATITTED RY 1Y COFP.
BATCH RILN TESY &
TEST NO.85-203 . UnTE 1-11-89

A= A8 FEC. FEED SAMFLE DRIED AT 166 C
Ka d748-1 TFET & KILN FROD.
Cw 47481 TEST 8 EYHAUET DUST
N

QFYE S1YE A ' B C i
FQUIV. &3TH FERCy ™ &0F FERCENTADRE FERCENTAQGE PERCENTAGE
T.ESH  HUY-H aN FASSING NH - FASSTHG ON  PASSING - 0OH  FASSING
¢ 73 1R800 Q.00 140,04 NLAQ 100,00 6.00 100,06 '

43 14208 R B SN 1 {082 e3. 1 A0 105,88
-??s ‘.GU 4¢41 Fﬁ ap 3:45 SSxié G-ié iéérﬂﬁ
Mol ATGY 3.048  b5%,04 T &1 §F3.99 D30 183,80%
4 AT 1%.36 TRLAS 11LED 89,2 G008 J00.68
s 3350 R.d¢g 44,22 e £¥.5% ’.Sé LS &
W SEsh TLTe DR eA B.1% 41,46 1,70 65,48
i) 1IaiD .82 w4, 14 Tovs YT ] iiwi L T
1 PP X1 Wi AD 3 e J4.1W Loei 72,48
g 4o .50 .82 1,91 sa,87 2,%3 Ta, g
T 00 2,01 47,4 i S e T 34 %3} B, A€
o %8 LB ad,0g &,51 37,11 11,43 *.88
an 2eH Y. 11 RA.9% 3R A% Ri.eh 15,37 §7,5¢
iy 12174091 1Ted 13.%6 0 1303400 01,540 35,04
304 198 T3 3n nR *.? e 17,53 1*.J1
%3 1G4 1,840 2,74 1.3 1.8 1d8n 2003
nan O T P 1,440 DT 4,54 6,48
MR e &,00 B ) S INEL T T S 02 S 00 D)
5?5 1‘3 In on i, . 'f-‘-‘ & T {‘{.‘ . i}- {‘(" ﬂ ¥ ("ﬁ 6:3 ¥ ":“""
T I 8,0 nan SIS AT IO I PO D
S LTI O D O AR W E e 0,00 B 60
L 1: ! i I Guhd RO &t LR R LY B,.48 0 290
n ¥ N I
AN BCY L STEF TLOR-LDGY . L Ee “l@ i ed -0
[LOPE «BAY S1EE T GHALLEST DinTus G, 20 1,2¢ Z.814
GEECTE [ AwauLTy FeUTaNN *i'%‘t# I EESES R
PETIRATED SF . (R 7D a4y nagns 8,60 0,00 G o
nephg FRAOT DN FERGAID FPeEVES XVEIENE
CULE WEIGHY (LRISFTSE T TPEIERY FVIEIEY Fiedels
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]
: SIEVE ANALYSIS | ~ ALLT2=CHALNERS
: UATERTSAL S0IL 4745
3 QUBMITTED BY  IT CORF,
: BATCH KILN TEST &
' TEST NO.85-0073 LATE 1-11-235%
- A= 8% REC, FEED SAHFLE DRIER AT 100 ¢
g = 4748~1 TESGT 8 KILMN FROD
: i= 4748-1 TEST & EXHAUST DUST
i 163 19 WEIGBHT % FASSINA 1 .
E . MESH HU-h 198 & 5 4 3 7 138 4 54 3 2 198 6 74 1
b T .75 19000 T
| VB3 13200 Ot : '
E .375 9500 Cka
Hal 4700 CBA
4 a7%0 € Ba
‘ 6 33%0 € EA
! © 8 235 € BA
10 1790 ¢ 1
14 1180 0 1
i 0 8% ¢ 1
28 800 ¢ 1
55 42% Y
- ' 48 kLX) 'y ok
8% 212 < w F
104 133 - “ 5
b 1540 108 1 i
Bl 5 5 R -
e %1
3% 9%
AGH 6
SO0 T4 8
BEQH HU-4 196 5 % 4 1 % X B YrE .o
fahtk Dbl Tt & nec TS t
TrAe BT guatRen eastih Grfec s b omdbatal
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SIEVE AMalYSIS
HGTERIAL EOIL A74E
SUBMITTED BY IT CORF.

EATOH MILW TESTY 9

ALLIS-CHALHERS

TEST NG, 85-043 UaTE 1-11-85

n= A8 REC, FEED SAMPLE ORIED AT 100 C
= 4748-3 TEST @ WILN FROW,
= 4768-0 TEST 9 ENHAUET TUSTY

SIEYE ¥17E #

B

=
t

T

EGUIV.  AsTH FERCENTAGE - FERCENTAGE PERCéNTAGE FERCENTAGE

THHESH b= 0N P83 IHG ON FASETHA DM FASSING O  FABSING
G IRENG DO 160,00 G.G0 100,00 0,00 100.00
=3 PIEGG 7,31 2%,a%° 3,94 99.04 9,00 100,00
GI7G SHQG 4.41 88,98 0.48 98.40 0.00 100,00
HER &754G 7,04 9%,04 2,39 94.81 0,00 100,00

4 47596 12.34 72,48 17,28 83,04 G060 100,00

A EERY 8,46 44,22 13.42 649.%1 2,14 97,84

? L3406 .04 LR #A a.72  41.20 1.28 %4,596
19 100G T.EHY 0 wa, 14 4:36 U684 1,28 930.%
14 1184 D01% 0 Da.07 3:348 33.48 2.08 93.19
20 350 4,890 51,82 3:.76 4%.72 2,68 90,052
A8 &06 4.31 47,01 4.95 42,76 4,11 B4.41
48 300 LT I N TA 11:82  Z1.03 16.71 20,33
53 21z 3,01 17,94 12,7 8,29 29.38 40,93
100 130 7037 10,08 G.98 2.31 20,99 19.96
159 Lo 3,84 5,74 1,68 0,63 12.09 7,26
200 ?a 3.08 3067 0.37 D24 9480 1.41
279 53 7,00 3,00 3,00 400 NG @ 00
% 445 ARRALY {0 H:00 .00 0,00 0.00
400 I8 0,00 .00 RATS) 0,00 0,00 0G0
GO0 2 5.00 O.000 D00 D06 0.00 000
FaN s 1,47 G.00 036 (00 1,41 0,00

RO BCT,
SLOFEs80%
SFECTFIC

STZE

FRTIMATED SF.GR. FN

HOINS FRACTION
CLRI/FTHF I

B

WETGHT

(LOR=-LOGY =~
SIZE TO SMALLEST UnATUAM
BRAYITY

F4GY U0IDns

174

5862,
0707
PERERRY
D00
CREREFK FRRFRRR
KXEANER FRERNER

B

4364,
1,413
Rk d
0. 00

412,
2,349
KEXRERF
0.06
FRERKRF

FRERRRS

i




SLEVE ANALYSTS ALLIS-CHALMERS
MATERTAL 50TL 4743
BURMITTED &7 1T CORF,
EATCH KILM TEST 9
TEST NO,85-003 DATE 1-11-8%

a= Al REC, FEED SAMFLE DRIET AT 100 C
B= 4748-2 TESY 7 KILM FROD,
G= 4758-2 TEST % EXHAUST DUST
114G 10 WEIGHT % FASSTIHG 1 '
HESH HU-M 198 5 5 4 3 2 i98 4 0 4 3 2 198 6 0 4 3

W75 19000 7
R OL3200 01

(375 FE00 CEA

0
X
£

y P00 Cha

i ERTANEN L

32 200 i ik

e 475 L R

303 150 f 2] B

A 12 I"_. H B

150 10d 2 B
RORL R A C B

20 53
A0y %
RYay 8
HO0 2k

MECH WU-# 168 4 5 4 7 2 196 4 54 1T 9 1°8 4 %43
ETERC Dei Fude b Ii A-HEC SR+l A=CHN
TEELT HeRtRED O-fdRED GLRICHD +-A+EHCH0

rJ f-




o Ty

- STEVESNAIN STEVE$iin i -3¢ 2O0GO0250  D00024%0

agoo sz

SIEVE adaly21s ' ALLIS-CHALKMERS
MATERTAL SOIL 47670
SUBMITTED ®BY iT CORF,

BATCH KILN TFEY /O

TEET MO, 3%9-003 TRTE 1-11-83

: n- @8 REC, FEED SAMFLE DEIED o7 1060 C
' B 4748-3 TEST 15 KILN FROD,
e A74¥-% TERT 10 EXHAUST OHSTY
\, I'l k™
l ' RYEYE 8IZE #t B £ <
EQUIV. AETH FERCENTAGE FERCENTABE FERCENTAGE FERCENTAGE
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MAaTERTAL SOIL 4748
SUBMITTED ERY IT CORF.,
EaTCH KILN TEST /0

TEST MNO.8%~007 UATE 1-11-8%

A= A REC, FEED SAHPLE DRIED AT 1400 C

B= 47468-3 TEST 10 KILN FROL,
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178




SYEVE AMALYSIS
HATERIAL
SURMITYED BY

S0IL 47&0

IT CORF.

BATCH RKILN TEST
TEST NO.B8%9-303

&= A5 REC, FEED SAMPLE ORIED AT 190 C
] 4760~ &
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Dynamic Angle of Repose Test

Company Name IT Corporation

Test No. 1

Test Date January 9, 1985

Test Apparatus Size 38" ID x 10" Wide

Feed Material 4761 As Received

Feed Moisture (%) 6.5

Test Apparatus Speed (rpm) 0.82

52" Mobile Kiln Equivalent Speed (rpm) 0.6

Bed Loading (%) 7
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Dynamic Angle of Repose Test

Company Name IT Corporation
Test No. 2

. Test Date January 9, 1985
Test Apparatus Size 38" ID x 10" Wide
Feed Material 4760 As Received
Feed Moisture (%) 1.2

Test Apparatus Speed (rpm) _ 0.82

52" Mobile Kiln Equivalent Speed (rpm) 0.60

Bed Loading (%) 7
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Dynamic Angle of Repose Test

Company Name IT Corporation

Test No. 3

Test Date January 10, 1985

' "
Test Apparatus Size 10" Wide x 38" ID

Feed Material 4768 As Received

. Feed Moisture (%) 6.4
Test Apparatus Speed (rpm) 0.82
52" Mobile Kiln Equivalent Speed (rpm) 0.6

Bed Loading (%) 7

NOTR: Material did not turn over in kiln. Bed slides on kiln wall.
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Dynamic Angle of Repose Test

Company Name IT Corporation
Test No. 4
Test Date A January 14, 1085

Test Apparatus Size 38" ID x 10" Wide

Feed Material 4760 (Tests 3, 5, 6 and 11 Batch Kiln)
Peed Moisture (%) 0

Test Apparatus Speed (rpa) 0.82

52" Mobile Kiln Equivalent Speed (rpm) 0.6

Bed Loading (%) 4.42%

NOTE: Only 12.25 Kg available for test (16.66 desired).
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Dynamic Angle of Repose Test

Company Name IT Corporation
Test No. 5 |
Test Date January 14, 1985
Test Apparatus Size 10" Wide x 38" ID
Feed Material 4768 Test Product
. Peed Moisture (%) 0
Test Apparatus Speed (rpm) 0.82
52" Mobile Xiln Equivalent Speed (rpm) 0.6
Bed Loading (%) 2.54%

35° Before Stumping

33° After ,./
Slumping,f/
e

NOTE: 9 Kg available for test (16.43 Kg desired),
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'ANALYTICAL METHODS FOR 2,3.7.8-TCOD

SA SAMPLE PREPARATION FROCEDURES - JAR METHOD

Annex 5

5B SAMPLE PREPARATION -PROCEDURES - SOXMLET METHOR.

S5C ANALYSES PROCEDURES -
50 STANDARD VERIFICATION

- NOTE: THESE ARE REPRINTED a8 USED
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1.0

2.0

Annex 5A

APPENDIX A
SAMPLE PREPARATION PROCZIDURES FOR DIOXIN IN SOILS - JAR METHOD

SUFMARY OF METHOD

1ot Sofl and sediment samples are extracted with a methanol/hexane mixture
yging 2 jar extraciion igc.’mique after spiking the sample with
“/C14+2,3,7,3-TC00 ang 29Cy2-2,3,7,8-TCOC. Aftar filtaring, samole
cleanup procecures are foilowed before analysis by GC/MS is performed.

REAGENTS

2.1 Spiking standard solution (contains both tnternal and surrogate
standards). - &¥-2,3,7.8-TCTJD intarnal standard at a concancraticon of
£00 ng/mi and 37875+2,3,7,8-TC00 surrogate standard at a concantration of
100 ng/ml, both in the same hexane solution. The stincarg [D numoer is
358:32«1F3 SOIL. GC/MS IS mixture is prepared at a concantration of
200 ng/ml in {scoctane.

2.2 Sulfuric acid {concantrited); ACS grade; specific gravity 1.84.

2.3 Potasstum hydroxide; 20% aqueous. Prepare by cautiocusly adding, with
stirring,, 200 g of potassium hydroxide pellets %o 809 ml of
distiited/detoniznd water contained in a baaker in 4 cold water bath.
Aftar the ootassium hydroxide has dissolved and the solution {s at room
temperature, transfer to a plastic bottle.

2.3 Metnylene cnloride: pesticide quality or equivalent.

2.5 Hexane; pesticide quality or equivalent.

2.5 Mathanol; pesticide quality or equivalent.

2.7 Tolusne; pesticide quality or aquivalent,

2.8 Soatum sulfate; ACS, granular, anhydrous. Prepare by 2 24 hour mathylens
ﬂlogtcﬁde extraction. After praparation, store in an oven maintained at

2.9 Stlica gel; type 60, EM reagent, 70230 mesh, or squivalent. Prepare dy

soxhlet extraction with muthylene chloride overnignt, drying, and then
activating 1n an aluminum foi) coversd glass conmtainer for 26 hours at 130°C.

2.10 Alumina-neusral; Fisher brand, 80-200 mesh. Prepare by soxnlet extricsion

with mechylene chloride, followed by arying and cthen activating, in an
aluminum fofl~coverec glass container for 24 hours at 190°C.

oll Sulfumic aeid; imoregnatag silica gel, 40% w/w. 7o prepare, acdd two
© pares (200 g) concencratad sulfuric acid %o thres parts silica gel
{300 g) contained in a one=glass liter botile equippeg with a Terlon.
-Tined screw cap. Mix thorougnly with a glass rod until no lumps are
vigible., Laoel 2he bottle with “Sulfuric Acid - imoregnataa silica gel"
and “Caution - contains concantrated sulfuric dcig.”
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3.9

4.0

.12

2.1

Sodium hydroxide moaified sTlica gel, 33% w/w, To prenare, dad 1 sars M
Na0H to two sarts activated stlica gel sontained in 2 glass jar =2quipces
with 3 taflon lined screw cap. Mix thorougniy with g glass rod until no
{umos are visible. Laoel Sottle with "MaQN - impregnatag silica cel™.

Carbooak ¢ (ac=ivated cardon) on Calite; presars by thorougnly mixing

3.8 grams of Cardapak C (80/100 mesh) and 15.4 srams of Calite 545 in 2
d-mi vial, Activate at 130°C for six hours. Stors in 2 desiczator,
CAUTION: Chack each new baten of mixed Carbapak/Calfte %2 ansure 720
recovery of > 50%. Sucject the low level concantrazien calibrazion solu-
tion o the procadure in saction §.3.0-8.3.12 and measure the quantisy of
labeled and unisbelied TC30.

CAUTTONS

del

: 3.3

Samples recaived for this 2reparstion procadure dre of unknown come
pasition but may be potantially cirecinogenic, sutagenic, taxic or in
ather wiys hazardous.

{t 1s mendatory that tha initial weighing of the samples, addition of
tsotopically labelled 2,3,7,8-TCD0, and mixing of the samole, de 2er-
formed insida of the designacad dioxin hocd, in the high hazare ladoratory.

Personne!l fnvolved in this sample preparation procadure shoyld be
thoroughly familiae with laboratary SOP's on She procassing of nhign
hazard samples.

EQUIPMENT AXD MATERIALS

4.1
4.2

4.3

4.4

4.5
4.5

4.7
4.8

Electrtcal platfors shakers.

500 @l glass jars (amber) with taflon-lined screw caps 50 Da usad on She
platform shakers.

Kuderna-danish corcantration ipoaratusas, consisting of a4 three<ddll
macro Snycer column, 3 300 al evaporative flask and a 10 ml gracuatad
concantrator tube. ,

Mnt vials (reactivials); 1.0 ml. capacity with conical intariors ang
graduatad at 0.1 al; equipped with teflonefacad rubdbar septa and screw
cipns.

Concantration vials; 20 al screw 22p, septum sealed, seintilation wials,

Concentration devica; nitrogen blowdown apoarttus, Organcmation ang
Plerce concantration devicas, or equivalent,

glass f41%aring funnels, shors stam.
Flltar papar, Whatman 34 or equivalent.
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v

SAMPLE EXTRACTION: Jar extraction. NOTT: cxtremely wer samoias may requirs
cantrifuging to remove watar Sefore idaition of sodfum sulfats. The ligquig
will De min a3 3 watar sémpie (see water oetiicd).

Sl

‘5.3

S.4

"8.8

$.8
5.7
5.8
5.9
$.30
5.1
$.12
§.13

.14

?mvs destonatad dfoxin houd as instructag in lagoratary *09 far proe
cessing hign hazare samples. This includes cstaining, preparing ind

- Tabelling the requisita numoer of 300 m) jars defors plicing in the hood.

‘Transfer 10 § of the soil or ssdiment (wet weight) to a Zared 500 al jar

{= 0.5 g weigned to 3 significant fiqures).

Sotke the samole with 100 ui of spiking soiution, containing both intar.
nel and surrogate standards, idding e salution it ssveral sitas ever -
the surface of the samdle.

AMd 20 9 anhydrous sotiym sylfate. Stir the aixture Shoroughly with &
stainiess stewl matula.

Allow the afxgyre 20 stand for two hoyrs, mix thorwgmy with the spatula
and allew the mixture to stand for an sdditianal six hours. Mix the

sample agatn, insuring that no lumps dre present. Ouring the sarfod thet
the sampies 38, turr off the lignt in the uood» and close thw hood zash.

Ad 20 ml of sethancl, stir, and add 150 al uf heasng. Remove the 3pde
wia while rinzing it w‘th hexane.

- Mace the extraciion jar contatning the 3011, sodfum sulfate, dmd

solvents {n cha shaker and shaks for &t least 3 hours.

Aftar the thees hour snaking pertod, Suen off the Mur and aliom the
solids ¢o swttle Gefore proceeding, °

luto the top of & 500 a1 KD flask, insart @ glass ?iltar funnel cantaintag
shataan ‘M #4)var paper {(or equivalent) ringed with hexana.

Carafylly dacant the extract theough che filter fusnel, using & minlm
steel spatula to facilitate the :mmr frocess.

2tnse tha ingide of the jur and cmwcs with hexsre, using the »mm
to aix the Mexane with the 2011¢ matarial resaintng in the desker,

Dacant the washing into the filter fusnsl, using the spatuls %0 faciiie
tate the transfer, .

Concentrits the extract volume o aoproxicately ] el with &
Xuderna=0anish apparstus,

Transfer the concantrated extract to 4 20 ml scinsillacion vial. Rinse
the evaporator flask with thres § &l portions of hexane; trangfer each
~nea into the scincillation vial, Queirg thasg transfers, evaporata the
sclvent using a gantle stresm of dry nitrogen.




S.15 After the “inal rinsa has Deen added, re=guce the exiract volume 2
wprozinataly | ai,

§.0 .DUAL COLUMN CLEAN-UP

§.01 Eithar the necessary columns have Desn dreparsd and ars in & drying oven,
e e silica gel and alumring columns need oresaration. [f calumns nesg
t0 ba prapared, cbtain enough 1 x 20 o calumns (for ¢he siltca gel
criums) and 1 x 30 o columns, for the dlumina columns.

§.2 Place 2 small wad of glass wgoi in the Dottom of the ! x 20 22 ¢alumns
. and add T,C g of silica gel, 2.0 g of the NaQW tmoreqnated silica gal, ! g
silica qai, ¢ 3 of the 40% w/w sulfuric 2cid treateg silicz gel ana 2.0 q
of giltea gﬂ Gertly. £30 the columns 23 allow the contents <o settle,
- ofSer aach dgition,

6.3 Place a gmall wad of glass wool in She dottom of the | x 30 o columns
and 4da T 9 of aluming and a | om layer of sodium sulfate. Gansly tap
the columng %0 allow the contents to settle.

8.4 Atach the si14ca 7el ard al.«ina columns to lab supports su that the
‘ tiTica gel column i3 avuve the alumina <olumn and she lTower tip of the
$171ca gal column {3 insartedy into the toa of the slumina column,

6.5  Riaze both columny with haxane S0 remave dny air bubbies ind discand the

.

6.8 ven the srtica gul and alumina cahms have stoppag dripoing hexine,
place & clean Erlewmyer 1 ask undar the alurdra calusm and transfer the
hexans cIeCwATrRER mum fram stap §.15 oo the top of che silics gu!
colum. Rinse the mntmn*on vial with 2 % 0.5 ml sortions of numo
hd ad e mnifm the 289 of tha silica yal colum.

6.7 ash the mm Ll wum wizn 120 mi of hexane. .ddea in aliquats oy
saany of o tranafer 2ipet. Remove the silish ¢ul calm.

6.8 ‘Wsh the wlumtne colum By a!acing mnat of nmnc on <ne colua ang
- alyte umedl she hexanw har dropoed helow e sodtux sulfa.. liavar,
Remove the Erlencazur flagk and retatn {with umim ’cﬂ caa) unedl
Slractians are glven to direare.

8.5  Flaca o clewn, ladelled 128 ml Zrlumeyer Mok umr the amm catuan
éng piaca 20 wl of 0% v/v methyleny ehlaride in hexeng o0 m alumina’
cluwe, Catchilng the etuent fn the Erlemseyer fask,

. 6.8 mca ahe 128 Elensuyer flask o the Gnmanuan ar Plercta Cone
carerstion apparstus And recuca the volume af e solvent unttl tess mn
10 =1 ot wtm: ts resainting, Wt do AGE eveporats 20 37 ness,

o Bedl  Quantitatively wsm the hexsne sxtract Lo ladaitag 10 &1 Ked Cone

CONTrItOr TudEs. Rfade the rlemmysr flask wiih severs! twail (1.2 al}
wﬂm of Mexaxe, mme the washes t2 wt Rl mwcnﬁar uoe.
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6,13

§.14

§.18

Transfer the X-) concentracer Sules $2 the sancantration device ind cone
csAtrate the hexzne extricT 0 aoaroximately 1.0 al, using & gentle
streim of mitrogen and hest if necassary.

Aftar <he (.0 m! volune has haan cotained, remove She X0 concantratar
ude and quantisativeiy transfar the contents of tne X0 soncantratar
tube %0 dasignated conical minf-vials. Rinsa tRe cancentrator tude with
2'X 0.5 al zoreicns of hexane and Sranster the washes 30 the concantrite
vial, Complets necassary pagerwerx (Ses QA section.)

Store the hoxane concentrate in 4 frgezer until juss prior %S9 GO/NS
analysis.

Cons. Trate the hexidne T8 nedr aryness ind add 30 ui of 200 ppd sSandard
of {3C.TCIF. Return sampie o She reachein reftigerator.

7.0 ACTIVATED CARSON CLEAN-UP

7

7.2

7.3

7.4

7.3

1.8

1.7

After GC/NS analysis of samples processed Shrough She dual <olumn metho.
dology in Saction 6.0, the possidility exists that cartain matricas may
procuce indetarminable results. 2 such cases an activatad camon coiumn
slean<up Sachnique will be empioyed.

ozl_.m;n from the degsiccasor the activatad Calite/Cardopak [from Saction
{rsert 2 small wad of glass wool inta 3 small (7 om 0.0. x 1§ o8) disog.
sanie pipet and, using vacuum dspiration at the gointsd tip of che pioat,
add the Calita/Carbopek mixture unsil 2 2 o= column is obtained.

Pregare the cslumn by 2dding the following soivents/solvent mixtures in
e designated aliquot sizes: (place ¢ slean 125 ol Erlenmeyer flasx
under the csiumn) .

2 al toluene,
1 al 75/20/8 (v/v/v) mathylene chioride/methanol /Senzane,
;n} 80/50 (v/v) cyclohaxane/mathylene chlaride,

al hexane, -

When the bottom of the hexane meniscus Just touchas the top of :he
Calite/Cardopik matartial, quantititively transfer the 50 ul of ample
onts the colum, ' '

Rinse the sasple containertwith 2 | al portions of hexane, ddding the
rinsas onto shg calumn,

¢ ¢ ¢

Sequentially wash the column with the following solvents/solvent aixtures
in the designated aliquot sizes:

« 1ol 50/50 (v/v) cyclohexane/metnylene chlaride
- 1 ml 78/20/8% (v/v/v) maehyiene chloride/methanai/benzine.
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8.0

9.0

7.6 Aemove the 125 mi Erlenmeyer flask and replace with a cancantrator tude
or Reactiwvial,

1.9 Elute the TCOD from the column with 2 al of coluane into the cancantrator

Sube or Reactievial,

7.10 Stare the taiuene eivent in 3 freezer until the GO/MS analysis is to ve
parformed.

T.11 Shortly bafore the analysis, comcentrate the extract $9 near 4ryness d4nd
add 30 ul of iscoctane for GO/MS analysis.

7.12 Complete any pagerwork reguirements and store the csncentrate in the

reachein refrigerator {See QA section for axampies of aaperwork.)
CAUSTIC AND ACID CLEANUP (OPTIONAL)

8.1 Cartain samples may require additional cleanuo before columm cnrema.
tography in order %0 achieve accastabie dataction limits, The following
is a procadure wich favolves aciq and caustic wash of the sample.

8,2 Aftar step 5.15 is completed, quantititively transfer She exsract 8o 2
125.m1 separatory funnal,

8.3 lash the extract with 30 mi 20% aguesus potassium hydroxice by shaking
for 10 minutas. Let stand for 10 minusas ang discarg the aquecus layer.

8.4 Wash the extract with 25 ml of distilled deionized watar dy shaking for 2
ainutes, Let stand for L0 minutes and discarg the aquecus layer.

8.5 Slowly add 50 ml concantratad sul furie acid to the extrict dnd shake for
10 minutes. Lat stand for 10 minutas and aiscard She acid liyer. Repeat
until acic layer remaing coloriess aftar extraction,

8.5 ash extract with 20 ml distilled/deionized water 2y snaking for
2 minutas. Let stand for 10 minutas and discard the aquecus iayer,

8.7 Quantitatively transfer She organic layer %0 3 20-mi scintillation vial
and dry over 10 ¢ anhydrous scdium sulfata.

8.8 Reduce the excract volume to approximataly 1 mi,
8.5 Procaed to dual column cleanup if required,
GLASSWARE PREPARATION PROCEDURES

9.1 Rinse glassware with the last solvent used in it, Wash with hot water
containing datargent. Rinse with capious amounts of tap water ing
saveral portions af distilled watar; drain dry. Rinss with hign purity
acatons and hexane and allow Su afr dry, When ary, heat in 3 muffle fur.
nace %0 400°C for 1 nhour, (VYolumetric glassware shoulq not de neatad in
a muffle furnace.) Remove frem the oven wian c2ol; store invertie in
cletn anvircrment,

0150-S8
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Annex 5B

APPENDIX 8
SAMPLE PREPARATION PRCCEDURES FOR DIOXIN IN SOILS - SOXHLET METHUD
1.0 SUMMARY OF METHOD '

l.l Soil samcles are spiked with isotopicaily ladbeied TCDD, pretrested witn 1
N-HC1 for ! nour ang air dried. Tha dry soil is transferroa to a2 glass
soxniet thimdble ana subsaguently soxiilet extractid with benzene for 16
hours. The extract is comcantrated ane 2laaned up using 1iquid calumn
chromatagrapny steos. The extrics s analyzed by HRGC/LAMS for
2,3,7,8«1C00.

2.0  REAGENTS

2.1 Spiking stanct solution (contains dath iatermal and surrogate
standards ). 5§&¥-z.3,7,s-mno tnternal standarg 4t 8 concentration of
500 ng/mi and 3/C14-2,3,7,8-TC00 surrogate standard at a concantration of
100 ng/mi, bath in the same hexane solution. The standard [0 numoer i{s
1358:32-!1’8. GC/MS IS mixture is prepared at a concentration of 200 ng/mi
n isooctane.

2.2  Sifuric acid (concentrated); ACS grade; specific gravity 1.84.
2.3  Methylene chicride; pesticide quality or equivalent.

2.4 Hexane; pesticide quality or equivalent.

2.5 leN HCY

2.6 Senzene; pesticide qualisy or equivalent,

2.7 Sodium sulfate: ACS, gramular, an hydrous. Prapare by 1 20-hour methye
lene chloride extraction. Stord fn an oven meintatnes at 110°C.

2.3 Silica gul; type 60, T reagent, 70-230 mesh, or equivalent. Prepare dy
soxhlee wxtraction with mathyiens chloride overnigne, ¢ry1n%. and then
.1?01?““ in an aluminum foil covered glass container for 26 hours &t

2.9 Aluminaeneutral; Fisher drand, 804200 msh. Prepare by soxhlet extrice
tion with methylene chloride, followed by drying and then activating in
an aluminue fofl<covered glass container for 24 hours at 190°C.

2.10 Sulfurie actd; ispregnatad silica ¢el, 40% v/v. To prepire, add two

parts (200 g) concantrated sulfuric acid %o three parts silica gel
(300 g) comtained in a glass liter Dottie equioped with a Teflon=lined
sorew cap. Mix thomgm{ with a glass rod unti] no lumps are visidle.

be! the bottle with “Sulfuric Acid - impregnated silice gel* ana

tion « containg concantrated sulfuric acid," date prepared ana person

preparing the resgent. All informetion will be recorded in the ladorae
tary standard nOTROOOK.
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3.0

4.0

.1

2.12

.13

Sodium nyoroxiqe modifies silica gal, 33% v/v. 70 prepare, aad | jart iM
NaOH to two parts activated silica gel containea in 2 glass jar asuiopes
with 2 Teflon-lined scraw cao. Mix thorgugnly with a glass rog unzii no
lumps are visiblie., Laoel 2otile wizh "NaQM - imoregnateg siiica qal,”
date prepared and person praparing the reagent. All iaformation will Dde
recordad in the lanoratary standard notedook.

{arbopak C (activatad caroon) on Calite; arepare Dy znorougnly mxing

3.5 ¢ of Cartopak C (80/100 mesn) and 15.4 g of Celite 545 tn a 2Q-mi
vial, Activace at 130°C for six nours. Store in 1 aesiccator. CAUTION:
Check each new batch of mixed Cartooak/Calite ta ensure TCOO recovery of
> 50%. Subject the low levei concantration caltbration solution to tne
procadure tn section 6.2.0+8.3.12 and measure the quantity of ladeled and
unlabeled TCDO. Label dottie with “Activates Cartooax/Celite,” cate pre-
pared and person preparing the she reagent. All information will e
recorded in the laboratory standard notedook.

Potassium hydroxide; 20% aguecus. Prapare by cautiously adding, with

stirring, 200 g of potassium nydroxide pellets to 800 ml of gistilled/
deionizad water contained in 2 beaker in 1 cold water dath. After tho
potasstium hydroxide has dissolved and the solution is 4t room temperse
ture, trangfer t0 3 plastic bottle.

CAUTIONS

Ll

32

3.3

Samples received for this preparation praceaure are Of unknown Come
position but mey be potantiaily carcinogenic, mytagenic, %axis or in
ocher ways hazardous.

It #s mngatory that all handling of :he samoles be perforsed insiqe ot
the designatad dioxin hood in the Rign nazard laboratary.

Pergonnel involved in this sasole preparation procssure snould de
thoroughly Yamiltap with laberstary SOPS on Sha procassing of nigh
hazard samples.

EOUIPMENT AND MATERIALS

4.1
4.2
4

‘.‘

4.5

Slass soxhiet system with glass Shiepies.
Heating mntlies with tesoeryture control.

Kgerna=0anigh concentration (oparatuses, consisting of s three-oall
mcro Snycer olum, & %00-wl svacorstive flask, anc 3 10-al gracuates
concantrator uds,

Nint vials (reaciivials); 1.0 e, caoscity with conizal tntertors ang
gradusted st 0.1 ml; equipped with Veflonefaced ~ubDEr 5402 And Screw

Caps.

Caa?mmim vials; -al srew 200, septum sealed, sciatiilation
visis.
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8.0

.5

4,7
4.8
4.9

Conesntration cevica; nmsrogen dlowdowe avoaratus, Organcmation ang
Heree concentration asvices, or equivalent.

Glass filtaring funneis, snort stem.
Filter pacer, dnatman No. 4 or equivalent.

filter pacer, dhatmen No. 2 or equivalentz.

4,10 3ucnner funnei set up.
SAMPLE PREPARATION AND EXTRACTION

8.1

5.2

$.3

.3

.3
5.8

5.9

Presere designateo diaxin nood as tnstructed in laporatory SOP for prace
essing higrn haZard samoles. This incluces odtiining, preparing ang
tateling the requisite nusber of soxhlet systess.

detont out 10g of s0f1 into & 250 ol amder jar and spike with 100 41 of
e (nterngl/surrogate sixture,

::m-l of l«t Sl to the jar and ghake on A platfors shaker for 1
[ 9

Jour the sotl/actd mixture throwgh a Buchner Fuanel ang neutrglize the
g0t by pouring JCO mt Distillag watar througn the Funngl, Allow the
301! 0 alr dry for 16 Nours.

Mace 4 smll smount of silica gel 1m » glass extreciion Shimble.

Carefully Sransfer ihe cry sapole {ato the extraction thimele. éaarcn
the soxhiet eatrsctor with fresh Senzine and soxhliet extrac: for 16
ROurS .

Concantrate 3% extrect volume S0 approxtegtety 3 al with 3 &)
asaratus.

Transfor tHe concentrated extract ¢o 4 20-a) gtointillation vial, Ringe
A swperstor T1aax with three S-ml porcioas of hesime; Srinsfer casch
»inge into the scintiilseion vigl, Ouring thute mhn. esvigarite the
solwent using 4 gontle stream of Sry altrogen,

APt the Fingl ringe ha3 baeh seded, reGula the cm-w wiuse 0
worantmtely 1 ol,

OUAL COLUNS CLEANYP

L 19

6.2

Elther the nacassary columis Nive deeh Dreperes aad ére in & drying oven,
or the 311120 ¢al and aluming coluems need preparstion. If coluims aeed
t0 be orecared, obtain enough 1 X 20 c@ coluems {for the 31)icCa gel
coluems) and 1 £ 30 c» columes, for he aluming calumms.

Plice 0 1] wag of glass woul tn the Detzom of the | 1 20 & columms
and 308 1.0 g of s1itca gel, 2.0 ¢ of he MUN tmoregnatae silica gel, 1 ¢
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8.3

8.4

6.8

6.6

6.7

8.8

6.10

6.1l

6.12

6.13

6.16

tilica gul, & g of the 20% w/w sulfuric acia treatad silica gel ana 2.0 g
of silica ¢el. Gently sap cne columns to allow the contanzs 39 satsile
after eacn agaition.

Place a small wad of glass waol in the Sottom of e 1 X 30 em columns
and add T g of alumina ana 2 lecw layer of sodium sulfate. Gently %ao
the colums to allow the contants to secsle.

Attach the silica gel and alumina columns T2 a0 sucoorss so snat tne
silica gul column is soove the alumina column ang :ne lower Sip 3f the
s11ica cal calumn i3 inserted into She top of the alumina zolumm.

Rinse both columns with hexane to remove any iir Subbles and discars che
hexane,

When the silica gal and alumring columas nave stappec dripping haxane,
place 4 claan Erienmeyer flask under the dluming column ang transfer the
hexane concentrate odrained from stap 3.8 to the too of the silica gel
colum. Ringe the scintillation vial with two U.3-ml portions of naxane
and add the washings to the top of the stlica gal calum.

Wash the silica om! colum with 90 al of hexane, adaeg in aliquots by
weans of 4 transfer pipet. Remowe the silica g¢el colum.

Nazh the aluming cotumn by placing 20 mi of hexane on the column ang
eluting until the hexane nas dropped delow tne sodium sulfata layer.
Remove the Erlerwmyer flask ana retatn (with dluminus foil cap) uncil
directions sre given to aiscard.

Place & claan, ladeled 125-al Erlenmeyer flask under She alumina column
and place &0 al of 20T v/v methylane chlcride in hekane on She alumina
column, catching the eluent in the Eriensmyer flgsk,

Place the 12%-Erlenmeyer flass on the Organceation or Marcs Z0n-
centration soparatus and reducs the volume of the solvent until less Than
10 8] of salvent recains, dut co nOC evaporate tO0 dryness.

Quantitatively 2ransfer tha Nexane extract to ladeled 10wl X0 cone
cantrator Sudes. Rinse the Erlenmeyer flask with several mmal) (1 %o
2 wl) portions of hexane, 4dging the washas %0 the K« cancantrator tude.

Transfar the X0 concantrator tudes 30 the concentration device ang cone
contrate Che Mexane extract %0 dpproxicately 1.0 al, using a gentile
ICream of mitrogen and heat If mcassary.

Af2ar the 1.0 ! wolume has besn cotained, remove the X-J cancantrator
tube ant quantitatively transfer the contants of the X« concancrator
tube 20 designated conical mintevials, Ringe the concantrator tude with
twe O.5-a) portions of haxang ang transfer the wisnes to 3he concentrate
vial. Cosplate necassary paperwork (see QA seciion).

Store the haxane concentrate in & freeer unt!l Just prior 20 SG/MS
analysis.
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§.15

Conzantrate the hexane 50 near dryness and add 30 41 of 200 ppo stanaara
of an aoprepriate [s. Return sample 20 the reacn-in refrigerator.

ACTIVATZD CARBON CLEANAUP

7.8

7.2

7.3

7.4

7.5

7.8

7.7

7.3

1.3

7.10

7.4

712

Aftar GC/MS analysis of samplas processec througn the dual coiumn method
in Section 6.0, the possibility axists that cerzain matrices may produce
indeterminabie results. In such cases an activetad caroon soiumn clean-
up tachnique will be employed.

3“5?)" from the sesiccacor che activatad Celite/Carbopax (from Secsion

[nsert ¢ small wad of glass woo!l into 2 small (7 mm 0.0. X 15 ¢m) dispose
able pipet ind, using vacuum aspiration at 2he pointed tip of the pipet,
aad the Cch.u/Ccrsopax mixtyre until 3 2«¢m colum is Jbtained.

Precare the columm by adding the following solvents/soivent mixzures in
thé designated aliquot sizes: (place & clean 125wl Erlsnmeyer flask
under the column)

2l to‘m. .
1wl 75/20/5 (v/v/v} mthylema chiorice/methanol /benZene,
é-‘: ”sglluso.(v/v) cyclohexana/metnylene cnlorids,

| ne. .

When thé bottom of the hexane meniscus just touches the too of the
Celita/Carbopak material, quantitatively transfer the 50 4! of samule
onto the colum.

Rinse the samole containgr with two -bemi portions of haxans, dading tne
ringas onto the colum,

Sequencially wash the column with the fallowing solvents/solvent mrixtures
in the designatad aliquot sizes:

« 1@ %0/%0 (v/v) cyclonaxane/mathylene cnioride
o 1@l 78/20/§ (v/v/v) mthylene chloride/methancl/benzens,

Remove the 12%-m) Erlenmayer flask and replice with a concantrator tude
or Rescsievial,

Clute te TC0O from che colume with 2 ml of toluens intd the concantratar
tube o Rgpcti~vial,

Store the toluene eluent in a freezer umtil the GC/MS amalysis 13 to be
performad.

Shortly befare the adalysig, concentrate the extract to nedr dryness ang
add 30 y) of iseoctane for GC/MS analysis.

Comlete any caparwors requiresants and Store the concantrats in tne
resch=in refrigerstor (ses QA section for examples of Jaserwork).
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8.0 CAUSTIC AND ACID CLIANUP (OPTIONAL)

8'1

3.2

8.3

8.5

8.5

8.7

8.3
8.9

Cartain samoles may require acgitional cleanuc oefcre column caroma-
tograpny in order %o acnhieve accestanie aetection limits. The foilaowing
i a procecure which involves acid and clustic wash of the samole.

After stap 5.12 is completed, quantitatively cranster tne extmacs 00 &
125-m} separstory funnel.

Wash the extract with 30 mi 20% aqueous cotassium nyaraxide dy shaxing
for 10 minutas. Lat stana for 10 minutas and discarc tne aquacus layer.

Wash the extract with 25 ml of distillec deionizad water Dy smaxing for 2
minyses. Lat stand for 10 minytas and aiscard the agqueous layer.

STowly add 50 ml of concentrated sulfuric acid to the extriact ang shake
for 10 minyces. Let stang for 10 minuces anc discard the acidc layer.
Rapeat until acid layer remains colorless aftar extracston,

Wash extract with 20 mi of distillad/deionized water by snaking for ¢
minytes. Lat stand for 10 minutas and discard the aqueous layer.

Quantitacively transfar She organic layer to & 20eml scintillation vial
and ary over 10 ¢ annydrous sodium sulfate.

Reduce the extract valum to approximacaly | mi,
Proceed to cual calym cleanup if required.

9.0 GLASSWARE PREPARATION PROCEDURES

9.1

0224=4P<8

Rinse glassware with the last solvent usec in {%. Wasn w1t hot water
containing dacergent. Rinse with cooious amounts of %10 water ing
several portions of distillag water; drain cry. Rinse with nign supity
acatone and hexane and allow to air dry. When ary, naat in 3 muffie furs
nace %9 400°C for | hour. (Volumecric glussware snould not e heateg in
¢ m?fle furnace.) Remove from the cven when ¢ool; stare inversed in i
claan environment .
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Annex 5C

APPENDIX ~C .

JI0XIN AMALISES - ANALYSIS PROCIIURES

INTRODUCTION
1.1 This s a qualitacive and quantitacive (hign resalucion) 33/(low reso-

Tution) NS analysts specifc for che 2,1,7.3 isomer of iateichiioredt-
Jenzo-N-d10xin using w:mu ion mitar‘.n?. A sample {3 sotkag wish
%;mmuny lapaiee +Cy22,3,7,3-73030 48 tnternal stangara and with
101422,3,7,3-TC20 1t surcogata. Quantitation !s Jaged on he responss
of native TCX relative 23 he intarmal standard. Aerforatnce 14 ased
on surrogata standard resylits. Persant recavery of e (3/SURR Tixsurs
1s Sased on e GS/NMS intarmal standard 13C.2,3,7,3-TCOF.

Samnles are sent %3 IT Caraoration from gsuspeccad aor nowan hazarious
wasta $i1%es. Sawoles are 20 Do handled “rom receint 2 staraje O
qualffies personnal only. Analysts must have 3 worting knowiedge of
safaty pratocals and De adept 4t sefety 2rocacures. GG/MS tastrumants
et e squipped with vapor contaminacion traps on the capillary Wil
g"gmmmm} d on e rougn oump effluent lines oricr 20 use (See

SETUP AMD INSTALLATION

3.1 install o 60 matar, 0.2%3 mm 1,.d,, Muged silica SPTIMM, Q.30 waran M)a
wickness captllary column. Set the nead jresture S0 sooreximately 23.2¢
pst and the il ind tween Mows 30 30 wl/amtn and 3 al/Wn respaciiveiy.

3.8 Sreats o ressonablie ynit recalution tumne for PFTRA, Adjust the 2am
eeaaing Lo e mmuﬂt safacsurars ostad sattings. Sat e
preamp sansitivicy €3 10~¢ ames/voits. The alegtron mulziplter =t %
set 25 ichieve 000,000 ared untza for 2 ng of <Cy3+T0J0 48 tnleclad
for /T 334. Calidrate e instramant, :

3.3 Exeanlish ne followtng MID dascmigtons:

1.3.0  NAME TS for runating column parforaancs sixtyre

Nt ce%e: TC

sy i CALL: SaLl

MASS OERECT AT 100 AU 0 .y

WSTER RATE 102¢

TWOTAL A TINE 0.318 S£CS

TOTAL SCAN TINE 0.480 SECS

CINT SAMP INT 0.200 8

CAL! WASS AAnGE 4 70 618 W
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iNT SEGIN 50 e {SELCS)

40, MASS MASS REQUEST ACTUAL MPM MW mA T4 BL  ION
v 319.849 J20.18C 0.3%0 0.3 1 -C0 . i3 PQs
2 1.649 322,150 0.3%0 g.052 1 90 i 1 93 205
3 JR.849 0 323.19%  0.2%0 .02 i W 1 1 Q¢ ~70s
4 327.649 328.1%0 Q.080 0.0 1 00 V I Q& P08
§ 131549 132,150 0.0%0 .02 I W I . & 2395
§ 232.549 123.150 0.0%0 c.3%2 1 00 [ R ]

3.3.2  NAME “TD® for minning $33NGArGS and samoles

NID 2EC:
INST: FlnM CALL CAL39

MASS QEFECT AT 100 AWy 10 en)

MASTER RATE 102¢
TOATL ACOU TIvE 0.430 $gCs
TOTAL SCAN TIME 0.450 SECS
CENT SU® (N7 0.200 M8
CALI WASS RANGE 4 T0 614 A
At el L3, 1] I (SEES)
NASS WSS REQUEST  ACTUAL W W T 3L 0N
1 .4y 57190 0.0%0 0.2%2 ¢ 100 1 L 0 #0§
T 19.449  XN0.150 0.0%0 0.084 ! 100 A 19 9”8
3 Rl 2190 0000 0.082 1t 100 ! 1+ 0 308
4 BT84 1IN0 0.0% 2.082 H 100 . L 3 208
§ Ml RS0 0.2%0 .32 ¢ 160 ! } ¢ PpOS
§  I.449  2.150  Q.0%0 0,032 . 100 H i a6 28
T NS00 316150 0.2%0 0.0%2 M 100 N 16 s
§ U4 8,130 G050 0.0%¢ 1 i00 3y v 0 x8
3.4 St the & condtStons as follows:

aiacsion Port Tamp Ho*s

Smaratar Tew ' 180C

{arttal Tump _ 10t

Intetal Time 4 min

F T 17 2 Figofi (1]

Tae 2 ' 200*¢

Nold Time 2 ) 0 min

Ramp fuce 2 *Litn

Temp ) ' e 5 1ad

Mold Timm 3 g alne

Sal 1t /Sween a5 sec

Filament/ M)t turn on tlee 10 win

® Neld for ot lsest 2 «ia dayond ihe retention time of tas lagt isomer 5f 7020 !n 2ne
perforasacs wmixture.

13




3.5 Amalyze e 7 isamer TPA tesT Sfxsure. I a0 isovers are so-pluting
with 2,3,7,3-TC00, sonditions statad 40Gve are acceptanie 0 praceead.
if co-alution does gegur xith £,3,7,3-1C30, he colum must Se shangeq
or cangitions aoaifieg in # 32 5330 ca~slusien.

3.§& Creata & 1{3rary with 2he following entries:

Saeev 1. 13¢ . 7.3.7,3.7C00 /Intarnal standard)
- TATOTE A1) BasSes TTEt vl ot
- dount e 1000
- uniss = 3q/ui
« quant angs = 332

fatey 2 - 136 L 2.3.7,5.7000 (Seccscary ton)
- aRi1eCe i“ B23388 ACECt % 552~
- Emount = 1009
- mits = pg/ul
- QUANT BASS o bty

saery 3 . 2,3,7.8-TChu

T . aavete 4Tl massas except 330, 122, 132, 287
- amoynt = 1000
o unfes = pg/ul
- quait aass = 120

« 2,3.7,8.7030 {Secondary {on}
- GRICTA Al TAS3Es excant . 32, 232, W7

< mount « 1000
r « untts = 2g/ul
- quaat mass = 122

i%‘
!

A
3

¥ § - 2,1.7,3-TC30 (Terziary fon)

- Caleta al; aasses excapt 329, 322, 132, I8
- aount = 1000
- units = pg/ui
- QUant mgs » 237

Entey § - /€1 -2,3,7.8-TCO0 (Recovery int. s3d.)

O T R T TR T 30 R
- @unt s 200
- ynits » pg/ul
< quant sass s 323

4.0 ANALYSIS

4.1 Ganeral! Jsscriottion

4.3.1 A five potnt calibration consisting of & 200 pg/ul (1 ppb
mivalem?. 4 1000 pg/ul {3 ppd equivalent), a 3000 pg/ui (23
pod ecquivaient), & 20,000 pg/ui (100 ppdb equivalent), dnrd &
20,000 pg/ul {200 ppd equivalent) standard myst da run in sripli.
cate ang 2 Tidaar response curve generited defors samples are
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analyzsd, The 200 2g/w stangard is analyzed at tne deginming of
asen etght hour shife o vart'y systam serformance ang confarmisy
+2 the multipoint calisrztion /sas A saction on stanaard
sagerwore). Samoles are rectived in 30 ul volumes and reguire no
fursner greparation 3y the G/¥S lataratary.

4,1.2 COMPOSITION OF CONCINTRATION CALIIRATION SQLUTIONS

Salution 3 Cencantrazion of 2,3.7,3-7C30
1eo20uteally Liceled tnlaseied
By, i1, Be.toor
2 1 mg/ul 0.12 ng/ul 0.2 2g/ul 1 ng/ul
3 1 ngful 0.2 ng/ul 3.2 ngful 2 ng/ui
3 ing/ul ] 0.2 ng/ul 23 ng/lul
L] 1 ng/ub v} 8.2 ng/ul 44 ng/ui

4.2 Procedures for GC/MS ‘nalysis Initial Calideation

4,2.1 The 6C condittons for il standards, samoles, and the c2lumm jer-
foruancs mixture ars &3 statad in Section 3.4,

4.2.2 Tune and alidrate Sho instrument as fn ste0 1.2 or verify <hat
the {nstrument has dean tuneg and 2alidratag within the past weex
and has performed satisfactorily wien last used, ¥ the mesitod
has nat been pertormed sucsessfylly withia the last seven cays,
chack the tune and recalideate. .

4.2.3 Acquire the saven isomer TPA test aix. !f no {scmers are ¢0-
eluting with 2,3,7,8-TC00, oroceed with 4,.2.4, (f ca-aiution
deas occur, the conditions must oe modified or the 22lumn =ust ce
angad. The MID dascriptor TC aust e used for tiis analysis
{saczion 3.3).

4.2.3.1 Omtarmine and document accantadle systes performance
with the following critarta:

A. Five daza points for each GC Jeak are acquired.

8. GC column performanca - The valley detween
2+3,7,8=TC00 and the peeks resresenting 2ll
other TCJ0 isomers must be resoived wish @ vailey
<€25%. Valley % = x/y z 100 when y {3 seak heignt of
%’5?.7.8-)-?@3 and x is daseline =0 valley hetgnt
g. i}

C. Rario of integraced fon current for a/z 220 %2 7/2
m 'Ot‘ 2.3"7.8.7.@0 ms‘- ¢ 2. 0057 and 5‘ 0.37~
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.2

.27

‘.2‘

aman FS for aach compouna 40 not aiffer by more than + 10%, tne
RF 2in be sonsidersd to Se tnunmdwt of snalyte auan:‘ty for
e c3libration Soncsacration r3nge, 4G She medn of tne Sve
=gan Fs shall Se usag for cancantration caleulations,

FI11 wut ali necassary saperwoex for the standard calibracton
GA/QC (see QA,/QC saction fur panerwork),

Plgt tha response ‘acior vs cancantration for the fiva point
caiibration curve far QA/QC rceporzing.

Caltbration hefore the stars of each gight hour snifs

4,21

"0302

Inject 2 ul of the perfarmanca chec: sclution as in 3,2.3 «
4.2.3.iF.

Injuct 2 ul of the concentration calibration solution #1 (240
pg/ul) datsrmine and document accspsabdle performance for

4.3.2.1 MS sensitivity - signal-to.ancisa (S/X) ratis
of > 2.8 for m/z 257 and > 10 for 2/z 322 for uniddeled
2,377,8-TC30. The ratia Of intagratsd fon current far
®/3 257 to @/ 322 must be 2 0.20 and < Q.45.

4,302.2 Measured mﬁ’c‘“ facaar for unlabeied 2,3,7,3-7C00
relative 0 2-243,7,3-TC00 1s within » 10% of tne
=man values cs..aslisrm (Seczton 3,2) by teiplicate ama-
1ysas of the concantration caltdration sciutions.

4,3.2.3 If both thase critariy are met, fi11 eut the botiam a0r-
tian of fora 2437 (GA/QC section), the RF ratios are
withid 10% of tha calibration avcragt samoies 24y then
be anziyzed. 00 HOT UPDATE the shifs stangard S0 the
- respense 1198, Usa X;5;7 only. [f the 10% critarta are
nct met, reanglyze the shift standard. If still oyt of
ounds, 4 new myltipoint must be mun., Mitipoints may
continue =0 be used for as long as the shife standards
conform t0 this critarta. Xerax 3 copy of Form 248A for
{ncluston with the shif: standard packages ind an exira
copy to be placed in the fnstrument log Sook s0 that
sunngum shif? standard entries may Sa made on the
same fors,

4.3.2.4 Acguirs samole analysas. Samoles may de analyzed
following 4 succassful shift standard analysis,
Performance standards must De rerun within avery eiaht
hours. The injection procadure must be arerally
anered to to avold cross contamination. [f the
sackground of a samole analysis remaing Rign towards the
end of an acquisition, the columm snculd be laxed ocut
for an extra period of time %o avotd possiblie cnroma.
tographic carryover into tne next sampie injectien,
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4.4

4.5

4.3.3

Por 2l

4.4,.1

Septa shouid de cnanged a7:2r aoproximataly 40 injec.
tions. Zapillary injection sor iiners snouid e
clesned or exchiangad with avery other segtum change.
Good sensa and exserienca pravail,

Afetar eignt hours from She injection of the column serformance
sheck solution (3.3.1), the tune is over 2nd 2he Derdormance
check solution must be analyzed again, If ail-.criceria (4.2.3..
a«f) are mat, e samples analyzsa quriag snat signe nour pertod
are cceptablie. [ the critaria are ot met, the samnles Aust de
reanalyzed.

fnjections, 2 ot needle injection tachnique is used.

[njection Technique (Hot Needie) « The syringe must de Thoraughly
cledned batwasn injections %0 avoid cross contamination. Remove
the plunger detween injections and wipe 1% thortughly with & kime
wige. Rinse the syringe with ten to fifeeen fyll syringe volumes
of hexane solvent wash, Raplace the solvent wash with pesticide
quality hexane daily. [f a hamilton syringe cledner is availaole
that {s equippad with & vacyum source, use this also. Do not yse
the hamilton syringe clganer if there {35 no vacuum pumo attached. -
Inssrt the needle into tha saptum pors, =it approximately ten
seconds for the needle %0 heat, then pume he plunger Back and
forth & few times. Rinsa with the solvent wash hexane again.
Work the plunger up dnd down in the syrminge Sarrel %o reduce

txcess hexane wasn. Thers should de ipproximacely 2.5 ul of

solvant left in the syrings Sarrel following tnis final rinse.

draw back the plunger so that there are anout 2 il of air in the
barrel, Oraw 2.1 @l of sample into tha needls. Usualily 30 get 2
tatal of 2 ul 37 sample, it 1S necessary %o pull the olunger dack
approximataly 1.2 u1. The samole snould de arawn up inse the
barrel ind the amount confirmed %o be 2 1, [¥ it is not, %he
samcle should Se expelled and process repedtad.

Afeer getsing 2.0 .1 of sampie into the darrel, inser: the nesdle
into the injector port and wait § saconds. Rapidly make the
injection,

After making the injection, remove <ie needle 38 guickly as
possible. As soon as the injecsion is made, stars She GO,

ldentification critaria for nmative 2,3,7,8-7CC00

4.8.1

4.3.2

Aatantion time (at maximum pesk heignt) of She sample somoonent
st be within 3 seconds of Zhe retention time of the
12°2:3,7,8+TC00. Retantion times are required for all cnroma.
tograms, Sut scan numbers are gptiondl, Thess parameters snould
be printad next %3 the aopropridts pedk.

The inceyrated fon currents datactad for m/2 257, 320, and 322
must maximize simultanecusly. [f thera are peaks that will
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affect the maximization or uantization of paaks of intarest,
4ttemots snould e made £ farraw INe sSin window 5o eliminaca

the interfering seaxs. This should 2e ~eporsed on a saparice
chromatagran,

4:3.3 The Integrated fon current for each analyse and surrogace come
pound fon (m/2 257, 320, 322 and 328) must Se at leass 2.5 times
background notse and must not have saturitad the desacsar; inter-
nal stanaard tons (m/: 33%2 and 334) myust de at ieas: 10 times
Jackground and must ngt have Saturitad Sne detsctor,

$.5.4 Reiative soundance of m/2 257 So w/z 322 should be > 20% and ¢ 453,

4,3.5 Abungance of intagratad fon counts detaczad for m/: 320 must Se >
§7% and ¢ 377 of intagrated ion counts detectad for m/T 322. -

5.3 DELIVERABLZIS
5.1 33ch sample “package” must include the fallowing:

a) RIC (1000 « end of run)
8) :gnpl:§: quancitation report, (Ilnput area and scan § manually if
138

¢) EICP of m/e 132; m/e 334; m/e 316, ind m/e 318)

d) EICP of 320; 322; 332; and 287}

o) (EICP of 320; 322; 332; and 328}

#)  Quan (320; 322; 257; 8 sc;gs) The canter of =he § scan window
{s the retention time of ~4Cy2-2,3,7,3-TCOD

q) A standard package faciuding all of (a) througn (e) plus an
attached copy of the TG0 calibration summary (Farm 243A)

5.1.1 See QA/QC saction for datgh reoort deiiveradies
§.0  TOTAL ION CONFORMATION
§.0  Inject 2 .1 of 2 OFTPP solution into the GC/MS systam using the same GO

sonditions as stated fn seczion 3.4 with the MS scanning from 35-450 at |}
sec/scan. Regquired calibration crisaria for OFTPP shall oe:

n/z Relative Intansity
SI e 80 PEFCEING JT 38 pedx
83 < 2 percent of m/2 = £3
70 < 2 percant of m/2 = 89

1 40 « 50 perzant of base peak

197 < 1 percant of dase peak

198 100 perczant (dase pesk)

199 § « 9 parcant of base pedk

78 10 - 30 gercent of base peak

k(1] > 1 parcant of base oeax

441 lags than m/2 = 43

442 > 40 sercant of Dase pedk

43 17 « 22 parcant of m/2 = 442
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§.2 Injecs §& .1 of ne positive TEXD sample using <he same G conaizlions in
saczion 3.4, MS data acquisicion reguirements snall se:

§.2.1 Cycle time ¢ 1.3 saconds.

§.2.2 Ae:uién*ton of > € spectra during elutton of 2,3,7,3-TC20 from
the GC.

§.2,3 MS scanning fram 150-350 at 1 sec/scan.

§.3 Sudtract an aporsoriata background soectrum, and plot 3 spestrum of
2+3,7,3«TCOD afsar dackground suotracsion. (The serson resoonsibie ‘or
MS data interpretation is responsible for demonstrating that the
hackground spectrum ssleciad for subtraction was 2n agpprapriate specirum.)
Pravide A hard cooy of the dackgrsund spectrum, the TCDD spectrum defore
subtraction, and the TCOO. soecarum afser subtraction. The quality of the
plotsad spectrum will be .affecsad Sy other Sample components that Nave
aopraximately She sume GO retantion time and will de nignly varfanle.
Cesired spectral features are:

Sase peak » 3/2 322

Ratia of m/2 320 %0 322 = Q.77
Ratio of m/2 320 to 124 = L.58
fatto of m/z 287 to 322 = Q.32
Ratio of m/2 287 to 289 » 1.Q3
Ratio of m/2 194 to 138 = 1.54
8/2 160 and 161 = > 10% of m/2 J22

tacause 13¢;242,3,7,3.7C00, the fncermal standard, is prasent in svery

sample and nas essentially the 3ame retantion tims a3 uniapeled

L. 2,3,7,8-TC00, :E!czpmm af2er dackground subtraction will reoresant 3
sixture, uhen $°Cy22,3,7,3-TC0 1S prasant at 4 higner concantration

» than unlabeled 2,3,7,827C00, the resulzint soectrus must de normalized %

_f : m/z 322 t0 demonstrate desired speciral features.

i
3
1
q
{
t

.-'vi..-.-_‘_.. LT

I 7.0 $EE QA/QC SECTION FOR SXAMPLES OF ALL PAPERNORK NECESSARY FOR COMPLETE
. REPORTING OF GO/MS DATA

- t 0150-4P
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Annex 5D

APPENDIX &

DIOXIN ANALYSIS - STANDARD VERIFIZATION

porsticetiN Y

1.0 Summary

1el A1l standardgs bought commercisily must be cnecked for both purity and
scsuricy of sconcentration, The bSenchmark standard for verificition of
acs:cgzacy is a 7.37 ug/ml stancard of mative 2,3,7,8-TCJ0 supplied By <ha
USEPA,

. 2.0 Receipt of Standards and Stanaard Checks of Stock Solutions

QN SUCHTENEIAEANONES Ay

2.1 Standards ssceived fram commercial suopliers of dfoxin irse checked fnto
the byilding and lagged into 2 standard ncteoook. The standards are
transferred to volumetric flasks and brought up to volume fa toluene. A

. known diTution of the stack s analyzed on GC/MS to check for beth
purity and aceuracy of concamtration vs. an alrsady approved standard of

T the USEPA benchmark standard. If the response factor igrees * 10% from

F the check standard, the new lot fs appraoved for uyse. The hardecpies of

the standard check will concain EICP's for all compounds of intarest

from both the new standard and the benchmark standard and will be filed
for future refersnca.

3.0  Storage of Approved Standards

'- . 3.1 The aoproved stoek will be transferred to tared numbersd and laneled
l ; vials (2 ml size). The waignts of the standards will se recorded (Form
. 1)e When a new standard dottle is used, it {s weighed first %0 ingure

no volume loss during starage. The stancards are kept ac =3°C for no
longer than six mnths,

4.0  Working Standard Solutions

4,1 DOflutions of the stock sclutians are mde for 411 werxing standards %0
de used 1n the extraction laborstory and the GC/MS lgbarstory.

; 4,2 3efore use of the working leve! standards on samole analysis, the solue
S ticns must be wproved for concantrgtion and gurity as in the stock

; solytions. The extraction a0 standard is analyzed by GC/MS and com-
pired to the shift calibration solution, 1f the caleculated amounts ire
£ 10% of expected scunt, the standird {3 soproved for use in the
extraction lahorazory. When new GC/MS shift standards are mede and
spproved as abave, & new fiva point calibration in triplicate sust be run.

4.3 Working standard solutions are stored as per Section 1.0

- . GelUNES = W . wpEReERw o - e eI
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, -
) $.0  Standars Notesoox
S.1 A1l standards made are logged into 2 standare notavoox *hat incluges
volumes used: solvencs: iny prooiems encountered; 1ate made; data
axpired; weighes of each standard contatner; concentration; approvai date.
R
- -

A

. ———

— g
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Stanaard or 3lock Solution 4 Qf, 4 Lot ¢

Comoound(s):

Original Conc, Solvent Total Yolume
Sol'n Prepared By L 1t Qaca/Tieow
Contatner Tare (grams) Container - Solvent (grams)

Container Grogs (grams)

Special Notss :

We1 gnt weignt | Joiume “deignt Arcar
Oate User Befare Aftar Removed Seotym (grams)

was

Used | [nizials | Use (arams) ! Us 3% {mlg/al) Keplacemene |
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Annex 6

SUMMARY OF QA/QC RESULTS FOR 2,3,7,8-TCDD ANALYSES

6A COMPARISON OF SOIL PREPARATION PROCEDURES AND TRIPLICATE
ANALYSES OF CONTAMINATED SOILS

6B ACCURACY AND PRECISION RESULTS FOR 2,3,7,8-TCDD ANALYSES

6C RESULTS OF DUPLICATE LABORATGRY THERMAL DESORPTION
EXPERIMENYS




Annex 6A

CNMPARISON OF Samers IQEPARATION TICHNINUES FOR ANALYSIS
aF 2,3,7,8<7C00 1N UNTREATD) SOILS

Seit Cia aretreatient ang val athod
iqgrmeification saxniat w/benzene w/hexane-nqtihanol
gl 110 99.1
41 11 9
<l 97.2 : 104

Xel08 8D e 7,29 Xel00.8 RSN e 3. 2%
Sglin 1.9 n
E3ln 58 4]
Iglin 112 L1}

o101, RSO« 9,32 o727 8Nerae

ACEe a7 197
e 5ol 120
it 10 )
Seanl N e 438 §oe 4887 aSh e ASE
A 52 m 148
' Lie
Telins
am TAet-9
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Annex 6B

SUMMARY OF 2,3,7,3-TC30 J34/0C REIULTS

Nean Jercant accuracy = 97,4
Standarg deviation s 4.5
Parcent 2SO = 28,2
fumoer of data potats = 23

Secision

Triolicate 2nalvses of stareing sai!

Soi1/Meehod Muan {aoh) Sh{ooh) % 3sh
1) Jl/soxhiet m 9.4 F.4
2) Eglin/soxniet 108 7.7 7.3
3) MCBC/soxnlet 493 NS .2
1) Jl/jar : 12.8 5.5 7.4
S} Eglin/lar 100 2 1.2
8} MNCRC/jar 453 8.3 8.3

fualicats Analyses

1) Samles 1D . JA 85/ 86
Yarisciond » 0.57%
Nean Concamtration = 148,85 sob
2) Semles [0 [ J1942/J1948
Varigeiond ™ 3
Muan Conecantration = 0.56 nod
1) Sumgles IN = J2Ne/ 2263
Vlﬂlﬁm‘ e 6.“

Mgan Corcantration o 25.8 pod
10 dlanks cut of 48 somoles « 2%

el
3

2100 « A0 (relative dercant aifferenca).

QIBL TA«SUMMARY




Annex 6C
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Annex 7

ANALYTICAL DATA SHEETS

2,3,7,8-TCDD RESULTS FOR UNCONTAMINATED AND CONTAMINATED
SOIL SAMPLES USED FOR LABORATORY THERMAL DESORPTION TESTS

2,3,7,8-TCDD RESULTS FOR SOIL SAMPLES AFTER LABORATORY THERMAL
DESORPTION TESTS

ANALYTICAL REPORTS FOR NERBICIDE COMPOUNDS IN SAMPLES BEFORE
AND AFTER LABORATORY THERMAL DESORPTION TESTS
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Annex 7C

m rr ANALYTICAL SERVICES ~“:§-.“‘

3302 Mi23ia0000r S48 € AASA i@ Tieeessas 17320 € 213.338.800 ' e.“"'.z
\é:i‘r
17 CORPORATION »

CERTIFICATE OF ANALYSIS

TS IT Technology Nevelopment SATEGEPORTEC Novemder 28, 138s
ATTN: Dick Helssl FRCECTSCCE TTOK 19028
12 Directars Drive SRCERMUMEER 17D 3738.04
- Lnoxville, TN 37923

Samole Description: Six (6) solid samplies recaived November 20, 1934

Concantration units are ug/gram (ﬁpm)

2,440 2.4,5.7

) ‘ 437-14-3 0.47 Q.18
SRR - 437-14-4 0.16 0.2
- 437-14-3 g.16 0.2¢
R 437+3EAFE 1200. 1700,
. 437 «daJl 900, 390,
! 437131 370, 710,
‘Blank + 0,039 0.332
L
-
b
. ' ;
. WM 10 NG FULICTIDEG SHOMe e N 2O
zay ot 7
' My communcn expurws —lanAy 16, 1988 Ll T e
L. Apercved
ey e //4 ¥ ! AbQratary ‘ﬂlﬂﬂﬂl:
B S R e
| AZEMZIed oV 'he AMIRCIER AMoTamen mf :-SCSMQN ASTHOLISNOR (0 N tremiRT:
<A ' LHG S CeEIAG 33 J8eC .0 IMe SUITER! AALA SINCISY St AQSIedited L320rTiSNM
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IT ANALYTICAL SERVICES FE
2375000280050k Fa@ @ anCuvrd T2mnaeses STGZ 0 415.338.800 :\:"—“:é»
N ‘e
CERTIFICATE OF ANALYSIS .
=2 17 Technology Davelopmen: SATZIEPCRTES  Novemoer 30, 1984
ATTN:  Dick Helsel ClECTSSsE. ITOK 19028
2.2 diractors Driva CROER NUMBER.  ITTD 9736.04
Lmoxville, TN 37922
Sample Description: 437-14-3
ACID EXﬁACTMLE ORGANICS - PRICRITY POLLUTANT ANALYSIS
Concentration Concentration
Comoound opm Comoound pom
2~chloropheno! ND 4-nitropheno! N0
2,4=dichloroohenol ND p=chloroem=cresol® 0
2,4«dimethy Ipheno! pentachlorophana! NO
{mexylenol) ND
phenc! 0
4,6-dinitro«decreso! N0
2,4,8-trichiorophenc! X0
2,3=dinttropheno! G}
2,4,5-C13 phenol )d/
2enitropheno! NO

Reanalized
Remrks: N0 = Not detected

<1.,0 = Datectad but at a lavel less than the lower quantitation limit of 1 ]
ppm (parts per million),

Swarr '3 a2 iesoea nere methu 30N
N 84

‘:;":?'r..n.umm_ uruug 16, 1968 //" N o f"(-""'g__.'
Agpreves
\LJL g@.__ Laboratory Manager
\ NetepPoue “uia

M m'oew 14 ATentan ABGISTEN (0P LICORIION ASSeIInOn i the Chemucal
13 3! ARG 1 LS R CRE SUITRN AALA Suecioly 3t ActTequied LILorcianes
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IT ANALYTICAL S:.RVIC"

Tyrmmgzie 171 04T 35

e . Ve

n
cn
. h

LK S e unt g

|II

.~

CERTIFICATE OF ANALYSIS

2 1T Corporation SATERERIRTIC  Jyne 25, 198§
ATIN: A, frgen BRCJETTICIZ ITDK 20085

312 Ofrectors Drive SRIZRIVMZEE Ppoject #9736.04
Knoxvyille, ™N 37923 .

Sample Description: #4540, Clean soil, 5-2-35

Concentration units are ug/gram (ppm)

337-14.3
2,4,S-Tr1chloropheﬁci ND

Remarks: NO = Not detscted.

Iwem s ans rzserpea secre e tny 2800

v Juns 1988 /.t Lo N
.‘m-':a.-.'.:.'p:.'. arpues ..uh.nl.u?_lﬁ..liﬂﬂ_. -’//"/fL Z T bl S

N - . 9 ; ' agrves o
ST . Laporatory Manager
\‘ Nowew MEe ' [N
\—J

m AJEre 1168 T7°70 AMNTIN ANOTUAR (97 LIZIPTIES ST RTINS 4 e tremign
O 8 HNRT 31 S0 N NG TUTERN AALA JIRCSIY I ASTINSING L3ZOITEm M
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p— T IT ANALYTICAL SERVICES o=

a . 2= ., D -ﬁ 2
8 agienrsax Swp e~y cg T3t-sg32e JTRIT e 40253340 g 2 !;"

o
(31
1l

CERTIFICATE OF ANALYSIS

ts

= 17 Tacnnology Deavelotment ATEREECRTEC Novemoer 30, 1984
ATTH: Dick Helsel ?:zc.*:' 222 [TUK 19028
312 Directors Drive SROERNUMEER ITRD 9736,08
Knoxville, TN 37923

Sample Descriotion: 437-14.d
Vi

ACID EXTRACTABLE ORGANICS = PRIORITY POLLUTANT ANALYSIS

Concentration Concentratton

Campaund gom . Comoound pom
2-chloropheno! ND d~nitrophenot X0
3, d=dichlorcpnenc! ND pechlorg-m=creso! N0
2,4=dimathylghenc! pentachloraphens! _ E 0
(m=xylenol) ND

phenol - [
4, 6=dinttro=0=¢rasol 0

2,4,6=trichlorophenc! . N
2,4=dinitrophencl ND :
2«nitrophenol \D

Remarks: ND = Not detected
<l,0 = Detected but at 2 level less than th- !cwr quam:iution Hmﬂ: of 1.0
pom (parts per million).

sWIrm e Sn2 faSISnOe :0!0!01.-'5 | 30

s ___‘_”;_A.\’___W‘r
O SEMMULET SXTIM anuary 16, 8 _-@ﬂ‘ f/ Zu i
\ R ApuroVes

RO S . -~ Laboratory Manager
\ ey Pl

isTrenien v ine AmengIr AMnaten ‘3¢ .a:amowm NIt A the Semies
1903 3 WURT 10 .Jet A CNE SR AduA JINNGISIY N AGITEUS LJDOMSIINeS
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IT ANALYTTCAJ.. SERVICES

EE S IR asa Sz durnen @ Tancaggee ITIIN @A 233A000 SR e

1z-3 sras 2 . : -=- AR .

o

CERTIFICATZ OF ANALYS:ES

d

iT Technology Development Novemper 30, 1984
ATTN: Dick Helse!l b4T ITDK 19028

312 Directors Nrive CACIANDMEER. ITTD 3736.04
Lnoxvyille, TN 37923

Sample Description: 437-14.5
‘?/n. Y

ACID EXTRACTABLE ORGANICS - PRIORITY POLLUTANT ANALYSIS

Concentration Concentration
Compound pom Comoounc pom
Z-¢hlaropheno! O ~ d=nitrophanol ND
. . 2,4=dichlorcpnenc! ND- p=chlorgemecreso! W0
2,4=dimathylphenol pentachiorophano! ND
(m=xylenol) N0 .
phenol \D
4,8=dinttro=O=cresol K]
2,4,6=trichlorophens! N0
2,3-dinitrophenol ND
2«a{trophenot ND

Remarks: ND = Not detected
<l,0 » Detected but at a level less than the lower guantitation limit of 1.0
ppm (parts per million),

Swom 1o 28 rabweniced oetore methu 08N

.

b+ 7 > ]
Mty zsmemasmen expuret —lanuary 16, 1988 Kf’é" 7/ Lol atop
e (.’. *T / Appreves aY
RTINS Laborazary Manager
\ Noteyf Pusue / T e
- \ ¥

L3NNG TV INE AMENIAN ABSIENOR €7 LADOITION ASSTIQIANCA . ‘R Chetnuce!
WIS 3 CHMAG I e D IMe TUTERt AALA DINGIGIY 3t ASSreciiel Labaratones
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|
! IT AN.AuYTICA.L SERVICZ
3 ; HAREN L5230 S48 @ A~z ng TInreczas V330 e 4232040
i ] CERTIFICATE OF ANALVSIS
S IT Technology Davelgpmnt Janvary 16, 1985
ATTN:  Oiek Helsel ITOK 19206
312 Directors drive 9736.03
i Knoxville, 7Y 37923
b Sample Description: Three (3) soil samoles recaived December 13, 1984
1
L (oncenzration units are ug/gram (ppm)
-
b
E :
L
L
P
: , 2,4-0 2.4,5.T
437+28-1 <0,047 0,016
¢ 437.28-2 <0,012 0.0008
; 437-25-3 031 0003
o
JWEmT INZ NSNS DM e N e L5 A -
b S ____,).‘m‘e.r_mns . , 2 -
‘.‘c:::m.‘.‘.:n.nez:'_m__u.nuﬁ_uﬂ& il 2 = o
A . < ) ) AppeTies S
. Lahocatary Managec
‘it T '

Tie

12070 O e MIRORCTN AMOZICNON 1P LIBCITMEIY ASIINRISNIN A e Tremily
Te 4 i MNN 31 OB6E N e WAL AALA SJe@A I ACTIeled LICONTIORK
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' “j IT ANALYTICAL SZRVICES T
- I30ZNNI30r3Ts S @ ot & Tennassge ITRI e 31 fInu "é:.
17 CORPORATION a3

CERTIFICATE OF ANALYSIS

Novemoer 10, 1984
[TDK 19028
ITT0 3736.34

<2 IT Tacnnology Develapment
ATTN: ek Helss)
312 Dirsctars drive
Lnoxville, TN 37923

Sampla Jescription: 437-13el
NC 86 wonY.

ACID EXTRACTABLE ORGANICS - ORIORITY POLLUTANT AMALYSIS

Concentration Concentration
Cemoound pom Comyound opm
2-chloropheno! N denitrapheno! N0
2,4-dichiorophano! 1ol pecnlorg=mecreso! kiY
2,4«dimethyiphenc! pentachlorepneno! ND
(mexy lenol NO
sheno! ND
4,6=ainitro=0=craso! b}
2,3,8-tricnloropnenc] 40
2,3=dinitrophenol ND
2,4,5-C13 onhenol 33,
2-nitropheno! ND

Remarks: ND o Not detected
<1,0 s Detgcted but at a level less than the lower guantitation limis of 1.0
ppm (parts per million).

Jwoiems ane x:r::cmu SO ey

1 cyemoer, 1984 xR -
Ll sssem yeiom XTI \, 16 1988 ';L‘(ﬁd y 7/’: el
e §.,. . wprei o/
e T st Laboratary “tanager
SN NaaefRuzee o7 *re
. \

o ¥ AZ2r91.003 IV e AMOPSIN ARSI NIARSA (3 LISAITYR 42303 TN N IMe TemST.
0.3 3T D1 JES DN SUNER! AALa SRSV 8 A220INeS L2230TINe
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I’I‘ ANALYTICAL S:RVIC..

Tme .
T .

]
o

W2rateie Segeants. 3 Tarcasass 3 93Aal 1

CERTIFICATE OF ANALYSIS

T2 IT Tachnology Develcoment SATEREFIRTED Novemder 30, 1384
177Ny Diex Helsal PRGECTCICE ITNK 19028
312 direczors Orive SROTQNMLMEE ITTD 9736.04

Lnoxviile, ™ 37923

Sample Description: 437«dal]

ACID SXTRACTABLE ORGANICS - PRIORITY PQLLUTANT ANALYSLS

Concentration Concantration
Somaund opm Comoound ppm

2-chloraphenc! N0 d&snitropheno! b 1]
2,4=dichloraphenc! 1.9 pechloros=a-crasol 0
2,4-d1m:n§1=mmo! santachlorophans) N0
(mexyleno! X0

pheno! 0
4,6=dinitro=l=zresg) ND

2,4,8~trichiorophanc! 14
2,i=4d1a12ropheno! b

2,4,54C13 phano! 38,
2enitropnenc! ND

Remarks: ND « Not detecled
<1,0 = Oevected hut at a leve! less than the lower quantication limtt of 1.0
ppm (parts per million),

LESE S INT 1LIISTENE 20t fﬂ.:‘d‘ m—-——
sxo: o SOvember, 1388 e
J.mﬂm lﬁ‘ lgﬁ i'u /

O RRMMNSLIN eXTN

JUNSE L, Asar.m.w'
25 LAbgrasory Manaoer
™

M ASTWNLUS S CRE AN ABOT.INON 167 LICOMNA ASIT2uITAN N 'Ry CRMMSI,
€3 1ML 3 03 A T MR SALA SUeCiSRy 3 ASTTeCUSG LIBSNNONS
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IT ANALYTICAL SERVICES SEn

- s zan o aae vl ,ay
2373 MIETIEDIC3N Sug @ UADvu e Tannassee 3TR20 ¢ 11333420 Y ]

CERTIFICATE OF ANALYSIS

—

0 17 Technology Development SATEREPORNED Novemoer 30, 1384
ATTN: Dicx Helse! PREECT :::: 70K 18028
312 Oirectors Drive SREZANUMEER  rTTD 9738,04

Knoxville, ™ 37923

Sample Dascription: 437-3«EAFB ’

7’

ACID EXTRACTABLE (RGANICS - PRIGRITY POLLUTANT ANALYSIS

Concentration Concentration
Corpound pon Comuound npm
2«chloropheno! h 4] denigrogheno! AT}
2 hdichloronhm1 24 pechlorgemecraso! i)
u."d“‘h!tﬂ“ﬂﬁ‘ pentachlorgpheno! N0
{mexylanol) 1]
ahengt ]
4,6=dinitro=0-cresa) X
2,4,6<trichlorapnenc! 0
2, d=dintropgheng! 1]
2,4,5<C13 phenol 20,
2enftrophenc! 1]

Remarks: NO o Not detectad

¢1.,0 « Datacted but at a leve! less than che lower quantitation limit of 1.0
ppa (parts per -mton).

b 3 2ns pasen ou*oecn metan e

s

e :31'!'.1\‘.:!3.’ Ly

AZTIRLIOT OV 10 ATITEN ABIULHSA P LEBAITAY ACTRCITAEN Y "0"'.00‘"!.
EL Y o -1 m.amrmw.mwrw
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IT ANALYTICAL SERVIC=S RN
S3r3osielriy Se@ e a o8 Tyteasiae T3 et iiaLT ‘ 3 'r"""..}.:
“.'i«. ®-
Yomme Ty
CERTIFICATE OF ANALVELS
2 T Tachaglogy Nevelopment SATERERSITID Jamuary 16, 158§
ATTH: Dick Helsal IRJBST oI ITDK 19206
212 directors Arive SASIINUEER 9736.03
{noxvilie, ™N 37922
Sample Cescription:  137.28e3
ACID EXTRACTABLE ORGANICS - PRIORITY POLLUTANT ANALYSIS
" Concantration Concentration
Comaund pom Comoound 508
2-cnloropheno! X0 4=nitropneno! b 1]
2,d=gicnloropnrenc! XD pechloro=aecragal NO
2, d=dimgehyipneno! pentacnlarophenc! L1}
{mexylenol) &0
gheno! 0
§,5=dinttro~Oecreaso) N
2,4,5-trighlioropnens! b 1]
21,3=gintsropnensot A0
2enttropnenc! X0

Iamarcs: D » Not detecied
<1,0 = Detected tut at a leve! lesy than the lowee cuantitation limit of
1.0 com {parss per af)lion)

Tore s oo soaimzes cese v L JERN
.

I .uman. 1985 A
Y .-‘--.n.a [} 34, ) J‘"“. : 16: 1983 R et "r '-"’"L"“gh
c e agzrreeds
k4 Laboratery Manager
Y Y "“"‘"f".:«' ﬁ e
el

m ASTUOTASL £ 9 AR OVESY NECT TN I LSPIIMES ATIWAITRES o ey gy
BIE MY D KRS e oM G LORETY I ATTACMWE LSotrTTeer
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A
IT ANALYTICAL SZXVICE S S
$3°38 2zazrsce 3. e Smnvng Taeesssse JTIIC 040 4310 ‘_‘_;*
“i"’-?i";

CERTIFICATE OF ANALYSIS

January 15, 1985

S ! Teennclogy Develooment =4
ATTN: Nick Helsel R 3 :  {TOK 19208
312 Jrectars Irive SRLERNMIAET 9726.03

Knoxville, ™N 37923

Sample Description: 4374252 -

ACID GXTRACTASLE ORGANICS « “RIORITY POLLUTANT 4MALYSIS

Concantration Concentration
S osaound pom Compoune oM
2=chloropheno! 0 danitrophenct 0
2, 4-di¢hlaronnans) N pechlorg-mesresal 0
2, 3=dimatny loheno! Taghlaroonenat 0
{mexylenol ]
sheno! -+
3 ,5«dintero-d-crasol 1]
2,8,8-2r1Ca 005000001 L}
2. 4=dintsrophens! L]
-attropheno! L]

Qemprk3: N0 » Not cetected
<l.0 » Datectad Jl &t & level less than the lowsr cuaslitatfon 1imit of
1.0 gom (pares per miilion)

teew 2 2t taaknte cwcne e a L AR L
we e lasuacy, 1988 i e .

- -~
-wno._m [ ,I.w‘% Iﬁl .sn IR z. EA Y
BIree 0
4 : :" Al . Liboratory “apager
’W? s .-

R

AETNZI0L IV @ AMPATES NBSIONES 100 LRSI fe QMM R 1Y 8 g SgES 2
ST WD 0 BSY 2 MR TR MUA LGCENT T ASIWLWL (21l
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.ANALYTICAL SEZRVICZES TEE L
33T ozenrst. Sea e vnsyy 3 Tameazges ITILC e A0 33320107 ":gl_;:%
aFeia

CERTIFICATE OF ANALYSE

S IT Tacnnology development SATAERCETEL  January 16, 1988
ATTN:  Dick Helsal .___ oy ITDK 19206
312 Directors Drive SRTERIMBR 9736,03

Knoxvilie, ™ 37923

Samplae Description:  437.25.]

ACID EXTRACTABLE ORGANICS - PRICRITY POLLUTANT ANALYSIS

Concentration Concantration
Comoaund oom Comoound 20m

2-chloropheno! ND 4«nitropneno! b ]
2,4«dichlorophens! ND pechloroemecreso! ]
2,4-gimethy 1gheno! pentachlorophero! 0
{mexylengl} N

pheno!l ND
4,5=din1tro=0-¢raso!l k]

2,4,6=trichlorophenct XD
2,4=dinitropheno! ND
2=nitropnanc! X0

Remarks: HN « Not da.vcoad
<1.0 « Dgtactad but at & level les3 than the lower zuantitation liait of
1.0 pom (pares par million)

IWIT T TRT FLIATRICNS SO0 e Al e LA

N P -

- -
(X -«——w- LTI ’Iﬂﬂlﬂl Jﬁ xnﬂn PN ;‘ ’ I Sy
\ ATV 1) ' ! lm:.gnm !Iﬂl“:
> ‘(\le'f’ Tre

m LITeneD ST T AT AR 1IN0 B LIDINTOY ACTIDASTIES 2 e temn
3 5EPT S ST PO 2R M SAOSY 3 AZEMLeE 33ROV
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rr ANALYTICAL SERVICES SER

3313 Micolenroor Sk @ 40vy @ T2nmegsge 1T eA13.33.5000 :‘5"‘7‘,’
ey
CZRTIFICATE OF ANALYS
T2 IT Technology Nevelooment SATTARFCRTEL Novemper 28, 198<
ATTN:  Diek Helsel INCSETTTIIE ITOK 19028
312 Dirsctors Orive SROERMNUMESR TYD 9736.04

Knoxville, ™ 37923

Samoia Oescrintion: Signt {8) solic samoies receivea Novemner 20, 1584

Concantration units are ug/gram (ppm)

Arsenic
437-14-] <10,
83741842 o,
‘37-14-3 ({().
4371448 &y,
4373<EAF8 Q9.
$27e4ay! <10,
437131 FOR
R g N T R R L) 3. W P
.” . DR ’ : — '.
Y ITmRIKER wEZUW _..umm_.i._i.!m_ e P T g,
Aooe) B
1" 1_ i AL e ' aAn . opn ——
s Nomfmwuer o e

~,

ACTrPZan Iy he ATAATON AMDRITIA 20 LIBAMNIAY Alfrectines e etema
PO D OCMENS T NG R TN VALA JANCDET L AITNCIEC WIST SErM
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Annex 8

EXPERIMENTAL DATA - LABORATORY TREATABILITY TESTS
8A SUMMARY OF TEST DATA

88 TEST DATA LOGS
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Annex 8B

Section No.: 10A

T T Reyision lo.: 2
Tepl #F AF Jata: 0Qet. 13, 1384
Traatmant TasT Jata Log Faga: 2 of 2
Latreazee soil icantificazion _ ¥ 437~ &.TT Jaze of Tasy "Z)’/«-‘"}
. .
Trezta¢ soil fcencifization 431.4. AT 8y _ Fr Loty
A. Irsatment Test conditions
Target tamoeratyre ANb ez {es2) surge 3as & Flow Rata (<] i/min
Tirgat residence tim 1S minutes  Soil depth - 3. m
Scacial congitions
S. Acsual Test Jata
1.7 'L\l g )2 4
1. Test tray, utensils cleaneg RN !
2. Seil quansisy Check soil depth/uniformity - -
Weight of tray .2 - Q33 o grams

Weight of tray plus sofl-stars - AL4-AT  crams
Weight of untreated soil- - J0.8&  grams

Weight of tray plus soil- end - 462 67 srams

Weight loss during treatzent - V8 . arams
3. Jata Recorc v
Time (min.) " Temp. (°C) Time {min.) Temp, (*C)
Qven Tast Ovan Test
Indicator (uBS) indicator (1Bs)
J _54 31 213 Aca ABL XX
[ 136 5+ '
A 1% 3 e
3 36 3¢8
4 A5, 4\ 6
g A9 49
b 4%, ALY
A8 492 ATy ¢
1.ep 494 45
X’ 454 419
15 ae A5 492
i¢ <3 4s> 481
Purge gas flow - fnitfal_ 9! i/min
- final Lo L/min,
2. *c‘omen{:s‘éoqtzs‘;n:at.ions m\uu sl ?.m"-;_‘-c. G ilww sl UATE 449t
- Sh? TalS e - Acw M COwede it LL—L. ?Mmli'g MJUL - ‘
Figure 10-1A TETTT owmpls s Asmnris!

(,uv»\ iy

246




. Sectisn No.: 10A
i.-,v( *‘Pl r R Ravizion He.: 2

Jate: fem. L3, 1284
lage: 2 of 2
Jate of Tass /! /3’ /3 i
SEEARE AR B
/

3y f‘_goc_\.,

Treatment Tast Jata Log
Yatrestaa sofl icantiffcazion __ 47 . 3-F4Ed
Traated soil idansifizacion A -/6-AF2 -

A. arsatment vest Conditions

Target temperazure__ 47 8 ot (tagt) Purge G35 & Flow Rate e/ temin
Target residencs time_ i S  minyzas  Soil degth 2-3 w
Special congitions
8. Actual Tast Data
1. Test tray, utansils cleaned //}f}:S g
2. Soil quantity Check soil depth/uniformity - vt
‘ Neight of tray - A - 433777 zrams
Weight of tray plus sofl-ssart - AL b  grms
Weight of untreated soil- - 3089 zrms
- Neight of tray plus soil- and - #2507 erams
Weight loss curing treatment - [l grams
J. Data Record
Time (min.) Temn. (*C) Time (min.) Temp. (°C)
Oven Test Qvan Tase
Indicator {nBs) Indicator {nBS)
0 54 24 18 454 48,
L 34 s e 4cq a8
2 8% - 1} 23 454 afiq
3 a4 | 36 .
4 444 42
< 451 4449
¢ 459 P A
7 454 Gale)
8 454 474 %
1o 4¢5 a4
i3 ALY 4
14 464 441
n 454 -1
Purge qas flow = initial Q-f t/min
- fimal 0. L/min,

3. Comments/Observations Y W (,L 2% @ (L.
¢ -~
- a2 N1y

Figure 10-1A
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Section No.:  10A

< Revision No.: 2
i awennne! ¥ -
B i AED Qate: 0Oct. 13, 1384
Treatment Vast Jaia Log Page: 2 of 2
Increataa sofl igenzificazion 4 37-5-EAFR Jata of Tess__ 1 /l';)é’»'o
4 /
Treatac soi1 fdentification A37 =11 - REIT 3y /1 Aﬁf’—«-;—-:_}_‘_
A, Treatment Test Condgitions
Targer tamperazurs_ 472 °C (test)  Purge Gas & Flow Rata [ i/ain
Targer residence time_S&  minutes  Soil desth___ Z- 3. m

Special zanditions ) !

8. Actual Tes: Data
1. Test tray, utensils ¢laaned il I lgq
2. Soil guantity Check sofl depth/uniformity
Weight of tray 43+ S crams
Weignt of tray plus sofl-start Hdeb-io grams
Neight of untreated soil- . 6.1 grams
Neight of tray plus sofle and - _ A T 4L  grams

-

Weight loss during treatment - 074 _ grams
3. Jata Record
Time (mtn.) Temo. {*C) Time (min.) Temp. (*S)
Jven Test Oven Test
Indicator (nas) ‘ fnatcaszor (Nas)
& 37/ I R 1 4y - A8
\ 144 s 7 2y &y R
Lo b 39 233 310 i R 431
b) §¢7 322 3¢ ag) A%
4 449 T YA« a5 480
$ A< aVe
b ' LA e
ey Acd ¥ ang —
5y A% sl RO
VO o A3 484
—c 45> 485
14 454 48¢
1y 459 I'Xs 4
2urge a8 flow » initdal ____ o 0 __ _ t/min
- ?inal g/ L/min.

J. Commenzs/Ohservations . 4 -
A cuadivan, Sad sonnd 3L, ,L..Ju » 44)°¢C
B Adolaman w/rén—( L' '
Aghaah ~tha Mj-“-{ e
aion Vs <) oed apprae NI
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Saczion No.: L2

| T FRE4 feviston to.: 2
; ¢ Jata: Qes. '3, igas
- Treatment Tast Cata Leog J3ga: 2 of 2

] ]
sl - - . o N": .
Jntreated soil identification 237~ % -SAF S Saza of Tast A1 IEd

:
j | Traatac 3ol {dentification -1 - AF4T 3y e

A. Treatment Test Zondizions

R Target temperaturs__ 478 °C (tast)  Surge Gas & Flow Rite ¢! Lemin
Target rasidence time  / i minutas  Soil depth L-3 mm
Special conditions Moas
3. Actual Test Jata

e — . ’/

1. Test tray, utensils cleaned // /l\ &4
r 2. Soil quantity Check sofl depth/uniformity - —
{

Weight of tray 4323 2 arans
Weight of tray olus soil-szart - _ 4565 crams

i» Weight of untreatad soile - 32L3  grams

Weight of tray plus sofl- end - __ 4bb.0 1 . grams

—

- 0+ 5¢& r
) 1. Dats Record Weight loss during trsatment bL grams
I Time (min,) Temp. (*2) Time {min.) Temp. (*C)
Oven Tast Oven Test
{ndtcator (N3s) {ndicator {NBS)
[ () 54 L3 It 43y 48
L t 14:) 54 28 437 oy
- S &4 174 ) iy
¢ 3 da4d L
li 4 49 Al
- .30 444 45k
r L LY 4,7
. 7 LY atle .
' g ayl. 414 ¢
I av't a79
- [ a3) a8 -
) 8 4x1 481
! —_—rs . A 4B
: ﬁ Burgs gas flow - tnt1¢egl [ t/min
o fing! g1 1, 'atn,
‘ ! 3. Lomwants/Observasions
- Al teo

¥ Sy (s

Figure 10-18
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. Section No.: 107

Teimacm™ BRES Revision Ho.: 2
. \ - Daze: Qc¢%. 13, 1834
irgatmant TesT Jata Lag Paga: 2 9F 2
dazressed 39i° igsntification  4NT-4TT date of Test !1\'2.'\ \2"-"
Treazad 3011 faancifization A¥T=18 “1/FGT 3y A %Z...:-\..

a. Traarnent Tas: Concitians

... Targer temoeratyre 7 °C (zast)  Purge Gas & Flow Rate Lo t/min e
X Targe: restaence time_ 3¢ minuces  Sail dapth -5, =

Speciai zongivions

3. Aczuel Tess Jaza

i, Test cray, utansils cleaned ”‘,l»'»‘ Is @
: 2. 3eil quantity Check soil depth/uniformity - v
f Weignt of tray * - 425 97 _crams
Weight of tray plus soil-start - d(;l'_g srams
f Weight of untreated soil- - 341)  orams
. Weight of tray plus soil- end - 4S99 Frams

Waight loss during treatment .

3. data Record

s
o3

‘1r'
la
3
2

I3
!
!
\

Time imin,) Temo, (°C) Time {min.) Temp. (°C)
Oven Test Osan Test
Indicator (N8BS) 'ngicator {nBS)
¢ Sa 3 2 453 a8, '
{ t 144 Ty g -1 4¢3 a&¢
2 30l 17 o 443 atc
3 a4 39 35 4<1 ak
; 4 4d¢ Ay ML 493 474 "
v’ a4p a4l
! ' ks 44 % AGe
- Ay Viall]
Tloe 49S ¥
3 4¢0 a1 &
y &> “h'_L a4 —
MY asd a8y
19 A AG
Purge gas flow = niztal & ! t/min
« fina! SR t/min,

5. Zonmenss.Obsarvations _ bloek e Ak (W
—--————-—T‘—m .{ 2 38 e, [\ « Doy VI L .M) Vb -
# .*"o\ ‘tw ".V ‘ . -.A“-' JCMQk w

Figure 10-1A

LYY
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2 -~ . gzc;ign '.:?.':, 104
S g AFG Jter e s, e
Treatmant Test Jata Log Page: 2 of 2
Yncreateq soil igentifizagion _457- &-=T7T Sate of Tase_itlaiti -
Traazac 5011 identification A% =1 y- AFET 3y /‘l L e
A, Traatment Tast Conditions
Targer tamperature_ 550 °C (test)  Purge das & Flow Rate S s lmin
Target regidencs tfmeﬁ 5 minutes Scil deoth -5 )
Special congitions
3. Actual Test Data
1. Tast tray, utensils c'eaned
2. S0il quantity Check soil dapth/uniformity - -~
Lt {M‘ Weight of tray ﬁ_ ' - A3).NY  apams
* ’572 syt Weight of tray plus sofl-start - 44771 grams
i Weight of untreated soil- - 364D erams
Weight of tray plus soil- end - A3 3¢ arams
Weight loss during treatment - 4. 44 orams
3. Data Record
Time (min.) Temp. (°C) Time (min.) Temp, (°C)}
Qven Test Qven Tast
Indicator {NBS) Indicator {NBS)
¢ ) o
! (et g4
2 8 185
3 435 3¢
4 Jis 463
< 555" Ty
ghiy S 50O »
o 38 $60Q ¢
~ §36 $Ch
g 837 es7
15 Sic s5q
X 538 Y
VR 7Y syt
Purge gas flow « fnitial__ O '  t/min
- final gl tmn,

D, Comments/Obsarvations
' ﬁ'.;,ﬁi-:&?wt I TN

Figure 10-1A
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Y Section No.: 10A

e Bl T Revision No.: 2

A ptmie ] Jace: Ces. 13, 1884
Treaiuant Test Jata Log Page: 2 of 2

dazreasad soil fgenzification 437~ 3 - CAE D dJata of Tast it fend

Treatag $0f1 fdantification 431-18-AFTT 3y __41_4&____

A, Trearment Tes: Conditions
Target temoerature S S5¢c °C {tasi) .Purge Gas & Flow Rate G- ! G, 4/min

Targat rasidence time_ S minutes  Soil depth =3 mm
Ssecial sanditions -
3. Actual Tes:t Data

1. Test tray, utensils cleaned "}21@“/ _

2. Seil quantity Check soil depth/uniformity -
Weight of tray i . 437 77 grams
Weight of tray plus sofl-start - 464-2] orams
Weight of untreatad soil- . 3104 grams
Weight of tray plus soil- end - AL4.14  grams

Weight loss during trsatment - 07 arams

2, Data Record

Time {(min.) Temp. (*C) Time (min.) Temy, (*C)
Oven Test Oven Test
Irdicator (NBS) {ndicator (N8S)
[ g & 20 '

i 189 2
—— il &b

kY A, 383
4 S5 _a&y
s £34 _—
—_— 38 G4
b3y $49 7
7 g3 1)
$ov 934 _Srs
1o <31 5%
—_—t . 23] I
423 C37 ST oy trbme
Purge qas flow « fnicial o | 1/mtn
- final I L/min,
0. Lo ts/Obsarvations
» OTH 4y
Figure 17-1
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Sacsion do.:  l0A
Ravision Yo.: 2

M" nFEY Jata: Jes. 15, l¢Bd
ewnam. Tast Jata Log Faga: lof 2
iavraazan 59i) ‘fcensificizion ".37—",-H¢!)C-\ Jaza of Tasz ' - 3.2 ¢
Traated soil ‘densificazion _ SbT-~20- APST 3k et
A, Traatoent Test Sonditiens
Targer “emoeraturs__ S5O °C (%ast)  Purge 3as & Flow Ratz 2 ac  i/min
Target resigence sime__ !5 1 minutes  Sail gepsh - m
Snecial conditicns -
3. Actual Tast Data
1. Test tray, utansils cleaned { 1-113_/6'-4
2. Soil quantity Check soil depth/uniformity -
Weight of tray - 3161 arms
Weight of tray plus soil-start - 4 n’-"-) grams
Weight of untreated soile - 364 3 grams
Weight of tray plus sofle and - 44,137 arans
Neight loss during treatment - .98 crwms
3. Data Racord
Time {min.) Temo. (*C) Time (min.) Temp. (*C)
Qven: Tast Cven Test
indicator (MBS) indicator {u88%)
o) T4 C 3
| 144 43
D X% 40
3 A0 e
a §23 apa
g 530 0
A S35 -
b 37 g4y
L) 32 fo ¢
'y, 511 SO
S $32 587
¢ T 557
2B 5¢ g3 <56
durze gas flow - fnitial 5.l e
- final g=1 1/o1n,

J. Caomments/Cbservationg
m tu

J‘M"“‘-tr&‘uﬂn}"' ".oné-.‘ - s WSRd perivunas’
c#z\ ' . At ("‘7““ apipt Hqunﬂs:":
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Cainaeq
Trezzment Test Data Lag
dntreatea sofl igmntificatign ~37-13 NSO - )

Sestion Mo.:  i0A
Reviston Mo.: 2
Jate: Qcs. 15, 1984
Page: 2 of 2

/ -
Jate of Test //i1lic >

. P i
Treatea 501 Yaencificazion G237-20 - AT 8y &l .J 3
A. Treatment Tase Senaitions
Target temeracure A8 o2 (1per) Purge Gas & 7low Rate A L/min
Tarset ~esidence ttoe__ iD  minytes  soi depen L- & m
3nectal concicions
3. Actual Tess Jata
L. Test tray, utensils cleansq 1tha 84
2. 501} quanstzy Chack sofl depth/uniformity . '
Weight of tray - HLEE_ grams
Weight of ray plus soil-stare » ﬁk j(. grams
Keighy of untreated 301l . il:3 & qrams
Weight of tray plus soil- eng - 462 - \& arams
#aight 1035 during treatzent - w D4 grang
3. Data Record '
Time (min,) Temg. (°C) Time (mtn,) Temo, {(*C)
o Tese Tvan Test
,indicacor (%85) {ndicator (¥8S)
AWt SR . s
-—-—O_:""7w~'&_ﬁ_ .. l.o 2 ok . H %,
l 235 I 13, AL S8 7.
kY 358 Liu
: 493, 3 e
& ASe Mo
b} A% Mg
b %L Ay ~— .
2 ot 13 11 - ——
g _ 47y ALy -
g AS 3 AT
A ASa I TN ——
g AS 3, *Ey
iS4, AS o, LB —
Purge gas flow - itaqtial t/atn
- fimal /mn,

3. icmﬁxyggqnnwgn




vatesatad 5011 icansifization

Treatment Tast lata L2g

437-22-M0C - )

Sezsion No.: A
levision Me.: 2
sate: Jes. 13, 1z3<

Jize: 32

teze 3F Tasz iliLiss

Traatea soi! {dentifizazicn 431 =27 - A6 T 3y r Lot
A. Treawment Test Conuitions
Target temperiure_ 435 o ’ses:)  dyrge Ges & Slow Raza_ ™~ < L
Target residence time_3&  afnytes  Sorl geath z -2 =
Spacial conditions
3. Acsual Vest Data
1. Test :ray, utensils cleaned ‘l"-’ls';,
2. Soil quantity Check soi) depth/uniformity - -
deight of sray - “423 19 grams
eignht of tray plus soil-star: - &8 29 arams
Neight of untreatad soil- - 3/.€ b 2ramg
Ysight of tray alus sofle end - 4ce-49 s
deight loss during treslaent - o &L grans
1. et 2ecore
Ting (&in,) Tem. (*C) Tioe (atn.) Temz. (°C)
Qvan Tage Oven Tas?
tndtcator {us) indicazyr tN8S)
e Sa a3 I AL3 a0
L M1 L8 35 Ace *
Z 32 1% 38 &5 g ¢
| _ 45 347
A ny ) iy
'y asl As |
b Ay L. A5 ¢
L Ay &Ll
¥ Av) AJ  smary
\e Ac'3 _Apo
13 A3 _afy
2y K Y
s 453 b
Parge gas flow - taistal 01 t/sin
- tingl g |\ L,

<«
>

Lomments/Obsarvasions

iguee (014
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Sezsion MNo.: 1A
¢ Revision lo.. 2
bR Jave: Oct. 13, 1284
Treatmant Tast Jata Leg Pagm: 207 2
!
srrertae soil temmzivicezion _ ST AALBA MOwol i or cee IS

Trsatad s0il izensifizazion N3T7-R%-4=0T 3y e %}

4

A, Treatment Tast Zoncitions

Target semperatyre_ 40 E € (tast)  Purge Gas & Flow Racta ¢ i/min
Target resicence tims_ 3o  ninutes Soil gepth__ —=— m
Spactal conditions__ = dan' V) sv<evan ¢ } (" ’-»-&ES 28 U smey
[ s
3. Actual Tast data J
1. Test tray, utansils cleaned '\h’bh}f
2. Soil quantity Chack soil depth/uniformity -
Weight of tray 2 . 433 -7 grans

474 Q¢ grams

41:19  orams

Weight of tray plus soil-start
Weight of untreatad soil-

Weight of tray plus soil- and - 4% 0o grams
Weight loss durtag srestzant - ¢ _9¢__arams
3. OJata Record
Time (min.) Temo. (*5) Time {min.) Temn, (°C)
Ovan Test Qven Tast
‘ndicator (:135) [ngicator {N8S) ‘
B go Zs 36 b4 Ak stk
{ 14 __Q( .
1 S5 k¢
K ALy _2‘1-
4 Ay, Ay
4 464 43d
-1 Ay 460
L Ay 468
a8 }','_3 A3 ='t::‘.:,1+&
10 ATY Ak
i 45 43
> Acq A
3y AS4 abj
Surge gas flow - fnitfal ____ ___ t/;tn
- fina! t/min,
J. Cfmnncsﬁobs:wa:tons‘ ‘ - »H&hw - A w__xu Lo a~y
@ ~ "":" « Wﬁ;né .‘..,o'.‘_ W ode U 'unou] RV
Sl \ Figurs 10-14 v tdan

J
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3action Mo.: 1A
leviston MNo.: 2

T Rand Jate: Cet. 13, L33
Traatment Test Jat2 iLog o Jage: 2 37 2
2L LW SN v T
untreasas 3011 icantifizacion 55t C‘ T T e Jata of Tasg_ i hVyib S
- - 1 A’
Traazac sofl icentificazicn #37=3¢ - ELT 3yl e
4. JIrsatment Test (onditions
- NS - oot .o
Tarjet tammeraturs_ & D8 °C [rase) dirge Gas & Flow Rata - i/min
—
Targat residance time 2T minutes  Soil aepth — am

I o
Sgecial conditions T UCwaindn 1N { e ey

8. Acsual Tast Dats
1. Test tray, utensils cleaned f/h,)é;{
2. Soil quantity Check soil depth/uniformity - _
Weight of tray - A31-95"  arams
Weight of tray plus soil-start - 4545 orams
Weight of untreated soil- - Se ¢ grams
Weight of tray plus soil-end - _ 4L 3&  grams
Weight loss during trestment - arems
3, Data Recerd
Time (min.) Temp. (*C) Time (min,) Terp. (*5)
Qven Test Qven Test
{ndicator (NBS) {ndicator (nes)
n N .. 22
| | 64 S
% 3.7 lgo
) 45 AL
4 A7 4o
£ 444 43¢,
it/ A al
g T 204 o b
Ly A 4719
13 A3 -3
23 A< 3 At .
L ACH a4k
18 454 A ot ST
Purge gas flow « tntttal ! Ligtin
- fing! g1 Lm0,

V. Caements/Qhservationg

flgure 10-1A
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Secsion Mo.:  10A
Ravision No.: 2

T f b 14 Saza: Qcs. 13, 133
Treatuent vest Daza Llog Page: 297 2
intraszee sofl fdentifizizion YARI=13. wei3E - | Jata of Tast__ = 17 1¢>"
Tesatag soil icenzification 437 =13- AT 3y A 'd;‘_:i
A. Jreatment Tast Condisfons
Target temoerazure_ A S °C (tast)  Purge Gas & Flow Rata___ - /ain
Target residence time_32  minutes Soil aeoth___ "3 n
Spezial conaitions
3. Actus] Test J3:a3
1. Test tray, utensils cleaned g )'.‘:' >
2. Sot! guantity Check soil depth/uniformity - -
Weight of tray 8 - AN grams
Wweight of tray plus soilestart - b1 03  grams
Weight of untreated soile - A9+49 grams
Weight of tray plus soil- end - 4p0 39  crams
Weignt loss during treatient - ¢4 grams
1. Daty Resord
Time {min.) Temo. (°C) Time (min.) Tema. {(*C)
Ovan Tast Oven Tast
inaicator {nBs) Indicator (48s)
¢ ) 2 3o _4ga A3l
\ W3 44 3 40 & a3y o=
B Jaoy 4 V10 . R s
3 A< e . -
4 A0k 37
é &b} 4 &#M'&IQ
Qo 408 A5
D 40% 4 %o
!I.x 407 a4
¢ doé «vs MJtean
14 408 43) “““",..(,A‘L
8} 404 439
a4 Aol 43\
3yrge a3 fiow = tnizial Q- i/min
- *nal c L i/min.

3. lomments/Observations
eyl Anphutis poomAe pugisrsl « acha I

Figure 10-1A
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Sastion o 13A
% . Revisien No.: 2
“ A% RE 0y Jata: Qet. 15, 1534
Treztment Tast Jat: Lo3 Faga: 2 0F
. D PP
iacraazee soil ‘eenzifizazion A -4~ T Jazz of Tass T 1Y
- v s & . a4 A
Treatad s0il identivication 439~ 34- RT3 3y MK
A, Treacment Tast Zonditions .
Terget temoerature_ 43¢0 °C (sest)  Surge 3as & Flow Ra: el £ L oz
Target residence tvime_ =C afnutes  3cit ceoth ~~2 _mm

Spacial conditiens

3. Actual Test Data

i. Test tray, utensils cleaned 2"7 Jug
2. Soil quantity Chack soil capth/uniformity -
Yaight of tray 2 - 423 1, arams
Weight of tray plus soil-start - ALT 7 arams
Weight of untreatad soile - 29.93  crams
Weight of tray plus sofl- and - A2\ E  grams
Weight loss during creacmen: - 1y crams
3. Datz Recerd
Time {min.) Temn. (°C) Time (min.) Temp. (°C}
Oven Test Oven Tes?
Indicator {n8s) ‘ndicator (¥8s)
& S 2\ 2$: 48 AC) arg S
L a1 Ay Ao
2- 300 153
3 407 _ 242
4 40y, 3LS
s 407 360
740 404 N oy
6wy Aos 405
3o A0L a4y
10 . "0 48y A% .
A Ay e e
\$ 463 43
20 Aud A% \—
Purge gas flow « initial__O«/ 1/min
- #inal o/ 1/min.

J. Comments/Observationt

Figure 10-lA
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[4

gA

Secsion Na.: 1
Revision do.: 2

260

dclr'- A Jata: Ges, 15, 1384
TraatnEnt Test Jata Log Page: 2 ot 2
:noeeatad s0fl icansifizazion A1~ 3. ERES data of Tast :...’7/.:"}"
1
e
Treaced 551 fcensificazion 43725 - AT 2y oA
k. TIreazment Tast Conditions
Target cemoersture_ 43 G 3T ltags)  Purge 3as & Flow Rate -] /90 g
Target resigence time_ =0 minutes Soi! deoth 0. -3 m
Seacial congitions
3. Actual Tes: Jat:
1. Tas? tray, utensils cleaned 7"}'7 }é";
3. Soil guantity Check sofl depth/uniformity - -
Weight of tray B - A3).39 grams
Wetght of tray plus soil-start - Abirl9 grems
Weight of untreated soil- . 3¢73 arams
Weight of tray plus soile end « ALt 74 grams
Weight loss during trestment - LSy grams
3. Jata Record
Time (min.) Temp. (*C) Time (min.) Temp. (°€)
Oven Test Oven Test
indicator {48S) Indicator {u8S)
o) 52 22 2! ‘03 A3
{ 157 &1 te 403 A3 %
2 36 {, . 2540
3 as 33
& <o 3 3686
$ 405 39 | - -
< 40 4% ) + U N
Aleu &) HOD L,
AT |ABC
V. 4.4 L0 il
10 EW 0 6 ALl
{20 4oy a3
1y 43 432
L 8 a2 4) b
Purge gas #low - initial =] L/min
- final el t/nin,
0. Comments/Observations
Figure 10«1A




Annex 9

PARTICLE ENTRAINMENT THEORY
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PARTICLE ENTRALNMENT THECRY .

Thers are tares 2quations of intarast 20 estimate entrainmen: velgcities of
sarsicles in air. These correlations do not determne ne rata of
encratnmant.

.

2

The horizantal fluid velocfty required 30 cause 2 spnerical sarticle at
rest on a bed of solids (soil) $o 1ife off ihe bed is aeoictea in Figure
G-1, assuming a particle density of 2.6 g/cs and air tamperature of

- 2000°F.

/] 890, (o, _s,)
U= --33—’3—-—- (Reference A)

wnere: U = fMuid velocity (fi/sec),
g = gravitational constant {32.3 #4/sac?),
Op = particle diameter (ft),
2o ® particle density (1b/ftd),
pe = fluid censity (1b/fed) .

This equation does not account for viscasity of the atr or she static
frigtion of the particle against the bed surface. Similar correlations
are reportad for non=-sonerical particles, multiple particles, 2nd
inelined auess.

The terminal settling vaelocicy of a particle falling shrough a fluid is
expressed by:

ag 9y (o, . oyl
Ue » '\ il oL (Reference 8)
i < °f d
This eguation is not for horizontal air velocities. The Cq term or

coefficient of drag accounts for the charscteristics of the fluid and
narticle,
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i SRl L

3. Tne last correlation develooed oy Zanz (Reference C) snown in Figure G=2
agzimatas tne norizontil velocisy in pipes requirea =5 pick up a par-
ticle at reast and entrain it In the air and also the saltation velocity
*equired %0 xeep the particle suspenaea basad on %he pactisle Reynoias
‘number and drag coefficient. This last correlation aczgunis far 30tn
the density and viscosity of the fluid.

The difficulty in using the Zanz correlation is aetarmining Sne velocity
profile within tha kiln and acsounting for the kiln rotation and particlae
size distridution. The turdulance profile due to the Surnes nozzles
shouid be considared as well. The effect of large particles in soil
samples with the same mman particle distributicn has Deen coserved
reduce the entratinoent rate significantly.

In summary, the following factors are thought S0 effect any Sheoretical
Sased estimate of entrainment,

o VYelocity profils in kiln
- Entrance and end effecss
« Burner nozzles
e Kiln diameter and length
Ki1n rotation effeces
o Particle size distribution effacts

AEFERENCES
A, Zenz, 7, A, and Qthmer, 0. F., "Fluidization gnd Fluid-larzicle

Systams,* Reinhold Chemical Engineering Seriss, C. W. Yilke, ed.,
Reinhold PUBTISRING GOrFPas AT,

3. Boucher, 0, F,, "Fluid and Particle Oynamics, “Chemical Inaineers’
Handbook , 3th ed., H. B. Crawford ang R, J. KeDT#F, €35., HCordwedll:
300Kk company, NY, 1973, 68 pp.

C. 1lsnz, F. A,, “Conveyadility of Matartals of Mixed Particle Size, *! 4 EC
Fundamentals, 3:1, Fedruary 13964,

0318 Jl«AP<3
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Annex 10

SAMPLZ COMPUTER HEAT TRANSFER AND HEAT MATERIAL BALANCE CALCULATIONS

10A ALLIS-CHALMERS HEAT TRANSFER COMPUTER PRINTOUT - RUN 2

108 ITC HEAT AND MATERIAL BALANCE COMPUTER PRINTOUT - RUN 2
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Annex 10B
BERELLISRE  INPUT DATA SUMMARY SSBXtsssss

19EERU KILN CAPACITY ESTIMATION
2+AF SOIU-31

202/19/38

399738,05

4y JLF

S51601406,853161020/

b1/

06sC H2 02 N2 NAT ASH
07,5011 1,0/
0710001090909050105030501010+300+0/
0824001050/
09+.001+8050/

07 UATER 1,0
0710’09010v100101090’0:0v0v0901010/
08+2910+0/
09’.001160v0/
07,AUX1
07!9119:0109090;0:0)0!0;0’0 00,0/
08501040/
09118000,6010/
0714UX2
07y 91,9:0:0v01“30!090'090:0:09090/
08905050/
0921800016020/
07:FUELY 1.0
07991v970;0:090’0v070;0y0!0)01010/
08130465049
09918000:0070/

07,FUEL2 20

07191:990o0o0s vO:O!OvaO!O!O'O 0/
08401040/

0911800014040

10401406, 3'3902968991!100!60’o°1i°i‘5!1°°/

10s
15v?200:405o8939»5:1:50’60:.0!:0:50’50/
15)1AUX2
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JOB NO 9736,05 AF SOIL-$1 ENGINEER: JLF { 60,0 DEG F & 14,696 PSI)  2/1B/85  PAGE 1

I+ FUEL TO PRIMARY BURNER

FUEL NAME SERRRRREXRSTRIBELLLXTRBRARLALILERLASLL  COMPONENT FLOW TO FURNACE E3SRERRESSEERRCLRRABATLTLALLIRRLILL)
CARBON  HYDROGEN  OXYGEN  NITROGEN WATER ASH

SOIL
P=RCENT 0.000 0,000 0,000 0.000 0,000 100,000
POUNDS 0,000 0,000 0,000 0.000 0,000 2400,000
LB-HOLE 0.000 04000 0.000 0,000 0,000 0.000

NATER
PERCENT 0,000 0,000 0,000 0,000 100,000 0,000
POUNDS 0.000 0,000 0.000 0.000 27,000 0000
LB-KOLE 0,000 0,000 04000 0.000 1,610 0.000

FUELL
PERCENT 91,000 9,000 0,000 0,000 0,000 0,000
POUNDS 278,460 274540 0.000 0.000 0,000 0,009
LB-HOLE 23,184 13,684 0,000 0,000 0,000 0,000

TOT FUEL

POUNDS 278,460 27,540 0,000 0,000 274000 2400000
LB-HOLE 23,184 134661 0,000 0,000 1,410 0,000
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J0B N0 9738,05 tAF SOIU-H1 ~ ENGINEER:JLF { 60,0 DEG F 3 14,496 PSI) 2/18/85  PAGE 2

“4» FRINARY BURNER HEAT AMD MATERIAL BALANCE

WELE HEAT IN f8888 TENP DEG F LRS / HR BIU / LR M RTU/ZHR
FUEL SOIL o '$0,000 2400,000 0,001 “ 04006
FUEL WATER 60,000 29,000 0,601 0,000
FUEL FUELY 40,000 306,000 18000.000 5,508
DRY AIR 40,000 £284.038 T 0,900 0.000
AIR HUM. 40,000 82,840 1057.500 0.088
OVERALL TOTAL 0,000 11104,879 5,596
$3XEE HEAT OUT ssxsx LB-HOLES LBS / HR BIU/LB Mt BTU/HR
FLU GAS OUT! 1777.83 DEG F _
£oz2 23,184 1020,340 461,733 0,471
H20 19,869 357,952 1935,832 0,693
N2 113,542 3181,568 457,803 1,457
AIR (XS) 143,125 4142,019 447,551 1,854
TOTAL FLU GAS 299,740 8701,87% Co 4,474
SOLIDS OUT BOTTOM:
ASH 0000 2400,000 343,547 0.825
INERT 0,000 0,000 343,567 0,000
RAD LOSS : 0.297
OVERALL TOTAL 299,740 11101,879 5,596

272




Ve

. . e

i

JOR NO 9736.05 iAF SOQIL-$1

11T, FUEL TO SECONDARY BURNER

FUEL NAHE S3RRERTTTXTTLLLLLRTALITESALLRLLLELAALE  COHPONENT FLON TO FURRACE SERRRRXSTRIRARSELTIRTLTALITLL
HYDROGEN

FUEL2
PERCENT
POUNDS
LB-HOLE

AUXZ
PERCENT

POUKDS
LR-#0LE

70T FUEL

POUNDS
LB-HOLE

CARBON

91.000
0,000
0.000

91.000
356.92%
29.717

356,929
29,717

9,000
0,008
0,000

9,000
35,301
17,510

35,301
17,510

OXYGEN

0.000
0,000
€.000

0.000
0,000
0.000

0,000
0.000

ENGINEERSJLF

NITROGEN

0,000
0,000
0.000

0.000
0,000
0,000

0,000
0.000

273

{ &0.0 NEG F T 14,496 PFSD)

BATER

0,000
0.000
0.000

0,000
0,000
0,000

0.000
0.000

ASH

0.000
0,000
0.000

0,000

0,000
6,000

0,000
9,000




JOB HQ 9738.05 1AF SOIU-H1 ENGINEERSJLF 60,0 DEG F 3 14,696 PSI)  2/18/85  PAGE 4

IV, SECONDARY BURNER HEAT AND NATERIAL BALANCE

Shask HEAT IN S8888 TENP DEG F LBS / WR BTU / LB MM RTU/HR
FUEL FUEL2 © £0,000 0,000 18000,000 0,000
FUEL AUX2 $0,000 392,230 18009,000 7,080
PRIN. FLU BAS 1777.833 §701,879. 4,474
DRY AIR 60,000 7963,844 0,000 0,000
AIR HUN, 80,000 79,638 1059900 0,084
OVERALL TOTAL 0,000 17137,593 11,619
838 NEAT OUT sasss LB-HOLES LBS / MR RTULE K BIU/HR
FLU GAS OUTS 2200,00 DEG F
€02 52,901 2328,209 593,726 1,362
H20 41,799 753,055 2189468 1,649
N2 259,127 7259694 581,862 4,24
AIR (XS) 234,854 §796:634 568,466 3,844
TOTAL FLU GAS 582,681 17137593 11,119
SOLIDS OUT BOTTON:
ASH 0,000 0,000 428,000 0,000
INERT 0,000 0 428,000 0,000
RAD LOSS 0.500
OVERALL TOTAL 588, 681 17137,593 13,619
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JOR NO 9736,05 AF SOIL-#{ ENGINEERIJLF ( 60,0 DEG F 1 14,496 PSI)  2/18/85  PAGE 5

Vs PRIMARY BURNER AIR SUHNARY
83838 OXYGEN shsgisg $33388  NITROGEN trsre

LBS AIR POUNDS LB-HOLE POUNDS LB-HOLE
TOTAL 8284,038 1920,903 40.028 4363.136 227,125
THEORETICAL 4142,019 960,451 30,014 3181568 113,583
10T - THED. 4142,019 960,451 30,014 3181.568 113,563

PERCENT XS AIR FOR PRINARY BURNER = 100,00

' V1. SECONDARY BURNER AIR SUMMARY
3338388 OXYGEN st $85382  NITROGEN 1tinx
LBS AIR POUNDS LR-NOLE FOUNDS LR-HOLE
T0TAL -7963,848 1844.4357 57,708 §117,189 218,346
THEORETICAL 3309.231 1231,104 38,472 4078,124 45,564
107 - THEG. 2054,6135 413,332 19,238 2039.083 72,782

PERCENT XS AIR FOR SECONDARY BURNER = 50,00

VIl. TOTAL AIR TO PRIN. AND SEC. BURNERS :
. $888888  OXYGEN 8383888 s3ss8t  NITROGEN tatise

LBS AlR = _POUNDS LB-HOLE . POUNDS LE-HOLE
TOTAL 16247,884 62,55 1773 12480,325 445,471
THEORETICAL 9451:250 - 2191,356. 68,486 7259694 2591

- THED, 61966 ISTA00F 49250 5220631 186,345

TOTAL PERCENY XS AIR = M., 71

V111, GAS FLOM RATES v
TERPERATURE PRESSURE
{DEC F) (PSI)

SYREAN ( ACFN
1 PRIN OUT 177,813 14,478 812,188
2 SEC Ut 200,000 14,840 19101663

PRIN AIR 60,000 14,496 1810.575
SEC AIR 40.000 14,498 1482457
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Annex 11

STATISTICAL DATA
11A PARAMETERS USED IN REGRESSION ANALYSIS LISTED BY SOIL TYPE

11B PARAMETERS USED IN REGRESSION ANALYSIS LISTED IN ORDER OF
INCREASING IVP
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